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PROTEIN

FIELD OF INVENTION

"The present invention relates to a novel lipolytic enzyme, in particular a novel lipolytic

enzyme, and nucleotide sequences encoding same. The present invention also relates
to methods of production of the novel lipolytic enzyme and to uses thereof. The
present invention also relates to methods and uses of a lipolytic enzyme.

TECHNICAL BACKGROUND

The beneficial use of lipolytic enzymes active on glycolipids in bread making was
taught in EP 1 193 314. It was taught that the partial hydrolysis products the lyso-
glycolipids were found to have vé:y high emulsifier functionality. However, the
enzymes taught in EP 1 193 314 were also found to have significant non-selective
activity on triglycerides which resulted in unnecessarily high free fatty acid.

A lipolytic enzyme from Fusarium oxysporum having phospholipase activity has been
taught in EP 0 869 167. This lipolytic enzyme has high triacylglyceride bydrolysing
(lipase) activity. This enzyme is now sold by Novozymes A/S (Denmark) as Lipopan
| S

WO02/00852 discloses five lipase enzymes and their encoding polynucleotides,
isolated from Fusarium venenatum, F. sulphureum, Aspergillus berkeleyarum, F.
culmorum and F. solani. All five enzymes are described as having triacylglycerol

hydrolysing activity, phospholipase and galactolipase activity.

Lipolytic enzyme variants, with specific amino acid substitutions and fusions, have
been produced; some of which have an enhanced activity on the polar lipids compared
fo the wildtype parent enzymes. WO01/39602 describes such a variant, referred to as
SP979, which is a fusion of the Thermomyces lanuginosus lipase, and the Fusarium
oxysporum lipase described in EP 0 869 167. This variant has been found to have a
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significantly high ratio of activity on phospholipids and glycolipids compared to
triglycerides.

In WO002/094123 it was discovered that by selecting lipolvtic enzymes which were
active on the polar lipids (glycolipids and phospholipids) in a dough, but substantially
not active on triglycerides or 1-mono-glycerides an improved functionality could be
achieved.

In copending PCT application number PCT/IB2005/000875, wild-type lipolytic

enzymes having a higher ratio of activity on polar lipids as compared with
triglycerides are tanght. However, this document does not teach lipolytic enzymes
from Streptomyces, Thermobifida or Corynebacterium species.

Prior to the present invention no lipolytic enzymes having activity or significant
activity on glycolipids had been published from Streptomyces species. Likewise, no
lipolytic enzymes having activity or significant activity on glycolipids had been
published from Thermobifida species or Corynebacterium species. Although lipases,
i.e. triacylglycerol bydrolysing enzymes, have been isolated from Streptomyces species
(see Vujaklija ef al Arch Microbiol (2002) 178: 124-130 for example), these enzymes
have never been identified as having glycolipid hydrolysing activity.

ASPECTS OF THE INVENTION

The present invention in predicated upon the seminal finding of a lipolytic enzyme
having significant galactolipid activity from the genus Sirepfomyces. In particular the
lipolytic enzyme from the genus Strepfomyces has significant galactolipid hydrolysing
activity and/or significant galactolipid acyltransferase activity, particularly when used
in the methods and uses according to the present invention.

In addition, the present invention in predicated upon the seminal finding that lipolytic

_ enzymes from the genera Thermobifida or Corynebacterium have significant

galactolipid activity. In particular the lipolytic enzymes from the genera Thermobifida
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or Corynebacterim have sigpificant galactolipid hydrolysing activity and/or
significant galactolipid acyltransferase activity, particularly when used in the methods

and uses of the present invention.

In a broad aspect the present invention relates fo a lipolytic enzyme capable of
hydrolysing at least glycolipids and/or capable of transferring an acyl group from at
least a glycolipid to one or more acyl acceptor substrates, wherein the enzyme is
obtainable, preferably obtained, from Streptomyces species.

In a further aspect the present invention relates to a lipolytic enzyme capable of

hydrolysing at least galactolipids and/or capable of transfersing an acyl group from at

Jeast a galactolipid to one or more acyl acceptor substrates, wherein the enzyme is

encoded by a nucleic acid selected from the group consisting of:

a) a nucleic acid comprising a nucleotide sequence shown in SEQ ID No. 3;

b) a mucleic acid which is related to the nucleotide sequence of SEQ ID No. 3 by the
degeneration of the genetic code; and

.©) a nucleic acid comprising a nucleotide sequence which has at least 70% identity

with the nucleotide sequence shown in SEQ ID No. 3.

The present invention yet further provides a lipolytic enzyme comprising an amino
acid sequence as shown in SEQ ID No. 4 or an amino acid sequence which has at least
60% identity thereto.

In another aspect the present invention provides a lipolytic enzyme capable of
hydrolysing at least a galactolipid and/or capable of transferring an acyl group from at

" Jeast a galactolipid to one or more acyl acceptor substrates, wherein the enzyme

comprises an amino acid sequence as shown in SEQ ID No. 4 or an amino acid

sequence which has at Jeast 60% identity thereto.

In a further aspect the present nvention provides a nucleic acid encoding a lipolytic
enzyme comprising an amino acid sequence as shown in SEQ ID No. 4 or an amino

acid sequence which has at least 60% identity therewith.
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SEQ ID No. 3 is shown in Figure 3 and SEQ ID No. 4 is shown in Figure 4.

The present invention yet further provides a nucleic acid encoding a lipolytic enzyme,

which nucleic acid is selected from the group consisting of: ‘

a) amucleic acid comprising a nucleotide sequence shown in SEQ ID No. 3;

b) a nucleic acid which is related to the nucleotide sequence of SEQ ID No. 3 by the
degeneration of the genetic code; and »

©) a mucleic acid comprising a nucleotide sequence which has at least 70% identity
with the nucleotide sequence shown in SEQ ID No. 3.

The present invention yet further provides the use of a lipolytic enzyme according to
the present invention in a substrate (preferably a foodstuff) for preparing a lyso-
glycolipid, for example digalactosyl morioglycexide (DGMG) or monogalactosyl
monoglyceride (MGMG) by treatment of a glycolipid (e.g- digalactosyl diglyceride
(DGDG) or monogalactosyl diglyceride (MGDG)) with the lipolytic enzyme according
to the present invention to produce the partial hydrolysis product, ie. the lyso-
glycolipid.

In 2 further aspect, the present invention provides the use of a lipolytic enzyme
according to the present invention in a substrate (preferably a foodstuff) for preparing
a lyso-phospholipid, for example lysolecithin, by treatment of a phospholipid (e.g.
lecithin) with the enzyme according to the present invention to produce a partial
hydrolysis product, i.€. a lyso-phospholipid.

In one broad aspect the present invention relates to a method of preparing a foodstuff
the method comprising admixing a lipolytic enzyme of the present invention with one
or more ingredients of the foodstuff.

Another broad aspect of the present invention relates to a method of preparing a baked
product from a dough, the method comprising admixing a lipolytic enzyme of the
present invention with the dough.
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There is also provided a method of preparing a lipolytic enzyme according to the
present iﬁvention, the method comprising transforming a host cell. with a recombinant
nucleic acid comprising a nuckotide sequence coding for the lipolytic enzyme, the
host cell being capable of expressing the mucleotide sequence coding for the
polypeptide of the lipolytic enzyme, cultivating the transformed host cell under condi-
tions where the nucleic acid is expressed and harvesting the lipolytic enzyme.

In a further aspect the present invention relates to the use of a lipolytic enzyme in

_accordance with the present invention in the bioconversion of polar lipids (preferably

glycolipids) to make high value products, such as carbohydrate esters and/or protein
esters and/or protein subunit esters and/or a hydroxy acid ester.

Another aspect of the present invention relates to the use of a lipolytic enzyme in
accordance with the present invention in a process of enzymatic degumming of
vegetable or edible oil, comprising treating said edible or vegetable oil with said
lipolytic enzyme so as to hydrolyse a major part of the polar lipids.

A further aspect of the present invention relates to the use of a lipolytic enzyme in
accordance with the present invention im a process comprising treatment of a

phospholipid so as to hydrolyse fatty acyl groups.

The present invention yet further relates to an immobilised lipolytic enzyme in

accordance with the present imvention.

Another aspect of the present invention relates to a method of preparing a
lysoglycolipid comprising treating a substrate comprising a glycolipid with at least one
lipolytic enzyme to produce said Jysoglycolipid, wherein said lipolytic enzyme has
glycolipase activity and wherein said lipolytic enzyme is obtainable from one of the
following genera: Streptomyces, Corynebacterium and Thermobifida.

A further aspect of the present invention relates to a method of preparing a
lysophospholipid comprising treating a substrate comprising a phospholipid with at
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least one lipolytic enzyme to produce said lysophospholipid, wherein said Fipolytic
enzyme has phospholipase activity and wherein said lipolytic enzyme is obtainable
from one of the following genera: Strepfomyces, Corynebacterium and Thermobifida.

Another aspect of the present invention relates to a metbod of enzymatic degumming
of vegetable or edible oil, comprising treating said edible or vegetable oil with a
lipolytic enzyme obtainable from one of the following genera: Strepfomyces,
Corynebacterium and Thermobifida capable of hydrolysing a major part of the polar
lipids.

The present invention further relates to -a method of bioconversion of polar lipids to
make high value products comprising treating said polar lipids with a lipolytic enzyme
obtainable from one of the following genera: Streptomyces, Corynebacterium and
Thermobifida to produce said high value products, wherein said lipolytic enzyme is
capable of hydrolysing said polar lipids.

Another aspect of the present invention relates to a method of preparing a foodstuff
comprising admixing at least one lipolytic enzyme with one or more ingredients of a
foodstuff wherein said lipolytic enzyme is capable of hydrolysing a glycolipid and/or a
phospholipid present in or as at least one of said ingredients and wherein said lipolytic

" enzyme is obtainable from one of the following genera: Strepfomyces,

Corynebacterium and Thermobifida.

A further aspect of the present invention relates the use of a lipolytic enzyme in a
substrate for preparing a lysophospholipid wherein said lipolytic enzyme has
phospholipase activity and wherein said lipolytic enzyme is obtainable from one of the
following: Streptomyces, Corynebacterium and Thermobifida.

The present invention additionally relates to the use of a lipolytic enzyme obtainable
from one of the following genera: Streptomyces, Corynebacterium and Thermobifida
for enzymatic' degumming of vegetable or edible oil so as to hydrolyse a major part of
the polar lipids. ’
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Another aspect of the present invention relates to the use of a lipolyic enzyme
obtainable from one of the following genera: Strepfomyces, Corynebacterium and
Thermobifida in a process comprising treatment of a phospholipid so as to hydrotyse
fatty acyl groups.

A further aspect of the present invention relates to use of a lipolytic enzyme in the
bioconversion of polar lipids to make high value products, wherein said lipolytic
ehzyme is capable of hydrolysing said polar lipids and wherein said lipolytic enzymes
is obtainable from one of the following genera: Streptomyces, Corynebacterium and
Thermobifida.

A further aspect of the present invention relates to the use of a lipolytic enzyme
obtainable from one of the following genera: Streptomyces, Corynebacterium and
Thermobifida in the preparation of a foodstuff, wherein said lipolytic enzyme is
capable of hydrolysing a glycolipid and/or a phospholipid.

Aspects of the present invention are presented in the claims and in the following

commentary.

Other aspects concerning the nucleotide sequences which can be used i the present
invention include: a construct comprising the sequences of the present mvention; a
vector comprising the sequences for use in the present invention; a plasmid comprising
the sequences for use in the present invention; a transformed cell compri'sing the
sequences for use in the present invention; a transformed tissue comprising the
sequences for usc in the present invention; a transformed organ comprising the
sequences for use in the present invention; a transformed host comprising the
sequences for use in the present invention; a transformed organism comprising the
sequences for use in the present invention. The present invention also encompasses
methods of expressing the nucleotide sequence for use in the present invention using

the same, such as expression in a host cell; including methods for transferring same.
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The present invention further enmcompasses methods of isolating the nucleotide
sequence, sach as isolating from a host cell.

Other aspects conceming the amino acid sequence for use in the present mvention
inchide: a construct encoding the amino acid sequences for use in the present invention; a
vector encoding the amino acid sequences for use in the present invention; a plasmid

encoding the amino acid sequences for use in the present invention; a transformed cell

expressing the amino acid sequences for use in the present invention; a transformed tissue

expressing the amino acid sequences for use in the present invention; a transformed organ
expressing the amino acid sequences for use in the present invention; a transformed host
expressing the amino acid sequences for use i the present invention; a transformed
organism expressing the amino acid sequences for use in the present invention. The
present invention also encompasses methods of purifying the amino acid sequence for use
in the present invention using the same, such as expression in a host cell; including
methods of transferring same, and then purifying said sequence.

For the ease of reference, these and further aspects of the present invention are now
discussed under appropriate section headings. However, the teachings under each

- section are not necessarily limited to each particular section.

DETAILED DISCLOSURE OF THE INVENTION

Suitably, the lipolytic enzyme for use in the methods and uses according to the present
invention may be a lipolytic enzyme comprising any one of the amino acid sequences
shown as SEQ ID No. 4, 5, 7, 8, 12, 14 or 16 or an amino acid sequence which has at
least 70%, 75%, 80%, 85%, 90%, 95%, 96%, 97% or 98% identity therewith, or
encoded by any one of the nucleotide sequences shown as SEQ ID Ne. 3, 6, 9, 13, 15
or 17 or a nucleotide sequence which has at least 70%, 75%, 80%, 85%, 90%, 95%,
96%, 97% or 98% identity therewith.
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Preferably, the Lipolytic enzyme for use in the methods and uses according to the
present invention is a lipolytic enzyme capable of hydrolysing at least galactolipids
and/or capable of transferring an acyl group from at least a galactolipid to one or more
acyl acceptor substrates, wherein the enzyme is obtainable, preferably obtained, from
Streptomyces species.

In one embodiment the lipolytic enzyme for use in the methods and uses according to
the present invention is preferably a lipolytic enzyme capable of hydrolysing at least
galactolipids and/or capable of transferring an acyl group from at Jeast a galactolipid to
one or more acyl acceptor substrates, wherein the enzyme is encoded by a nucleic acid
selected from the group consisting of:

a) anucleic acid comprising a nucleotide sequence shown in SEQ ID No. 3;

b) a nucleic acid which is related to the nucleotide sequence of SEQ ID No. 3 by

the degeneration of the genetic code; and
¢) a nucleic acid comprising a nucleotide sequence which has at least 70%

identity with the nucleotide sequence shown in SEQ ID No. 3.

In one embodiment, the lipolytic enzyme for use in the methods and uses according to
the present invention is preferably a lipolytic enzyme comprising an amino acid
sequence as shown in SEQ ID No. 4 or an amino acid sequence which has at least 60%
identity thereto.

In another embodiment the lipolytic enzyme for use in the methods and uses according
to the present invention is preferably a lipolytic enzyme capable of hydrolysing at least
a galactolipid and/or capable of transferring an acyl group from at least a galactolipid
to one or more acyl acceptor substrates, wherein the enzyme comprises an amino acid
sequence as shown in SEQ ID No. 4 or an amino acid sequence which has at least 60%
identity thereto.

Preferably, the lipolytic enzyme for use in the methods and uses according to the
present invention is a lipolytic enzyme capable of hydrolysing at least galactolipids
and/or capable of transferring an acyl group from at least a galactolipid to one or more
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acyl acceptor substrates, wherein the enzyme is obtainable, preferably obtained, from
Thermobifida species, preferably Thermobifida fusca.

Preferably, the lipolytic enzyme for use in the methods and uses according to the
present invention is a lipolytic enzyme capable of hydrolysing at least galactolipids
and/or capable of transferring an acyl group from at Jeast a galactolipid to one or more
acyl acceptor substrates, wherein the enzyme IS obtainable, preferably obtained, from

.Corynebacteriu(n species, preferably Corynebacterium efficiens.

In a further embodiment the lipolytic enzyme for use in the methods and uses
according to the present invention may be a lipolytic enzyme comprising any one of
the amino acid sequences shown as SEQ ID No. 4, 5, 7, 8, 12, 14 or 16 or an amino
acid sequence which has at least 70%, 75%, 80%, 85%, 90%, 95%, 96%, 97% or 98%
identity therewith, or encoded by any one of the nucleotide sequences shown as SEQ
ID No. 3, 6, 9, 13, 15 or 17 or a nucleotide sequence which has at least 70%, 75%,
80%, 85%, 90%, 95%, 96%, 97% or 98% identity therewith.

In a further embodiment the lipolytic enzyme for use in the methods and uses
according to the present invention may be a lipolytic enzyme comprising any one of
amino sequences shown as SEQ ID No. 5, 7, 8, 14 or 16 or an amino acid sequence
which has at least 70%, 75%, 80%, 85%, 90%, 95%, 96%, 97% or 98% identity
therewith for the uses described herein.

In a further embodiment the lipolytic enzyme for use in the methods and uses
according to the present invention may be a lipolytic enzyme comprising any one of
amino sequences shown as SEQ ID No. 5, 7 or 16 or an amino acid sequence which
has at least 70%, 75%, 80%, 85%, 90%, 95%, 96%, 97% or 98% identity therewith for

the uses described herein.

More preferably in one embodiment the lipolytic enzyme for use in the methods and
uses according to the present invention may be a lipolytic enzyme comprising the
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amnino acid sequence shown as SEQ ID No. 16 or an amino acid sequence which has at
least 70%, 75%, 80%, 85%, 90%, 95%, 96%, 97% or 98% idexntity therewith.

In another embodiment the lipolytic enzyme for use in the methods.and uses according
to the present invention may be a lipolytic enzyme comprising the amino acid
sequence shown as SEQ ID Nos 12 or 14 or an amino acid sequence which has at
least 80%, 85%, 90%, 95%, 96%, 97% or 98% identity therewith.

In another embodiment the lipolytic enzynie for use in the methods and uses according
to the present invention may be a lipolytic enzyme comprising the amino acid

_sequence shown as SEQ ID No. 8 or an amino acid sequence which has at least 70%,

75%, 80%, 85%, 90%, 95%, 96%, 97% or 98% identity therewith.

In one embodiment the lipolytic enzyme for use in the methods and uses according to
the present invention may be a lipolytic enzyme capable of hydrolysing at least
galactolipids and/or capable of transferring an acyl group from at least a galactolipid to
one or more acy] acceptor substrates, wherein the enzyme is encoded by a nucleic acid
selected from the group consisting of:

a) a nucleic acid comprising a nucleotide sequence shown in SEQ ID No. 3;

b) a nucleic acid which is related to the nucleotide sequence of SEQ ID No. 3 by

the degeneration of the genetic code; and
c) a nucleic acid comprising a nucleotide sequence which has at least 70%

identity with the micleotide sequence shown in SEQ ID No. 3.

In one embodiment the lipolytic enzyme according to the present invention may be a
lipolytic enzyme obtainable, preferably obtained, from the Streptomyces strains L130
or L131 deposited by Danisco A/S of Langebrogade 1, DK-1001 Copenhagen K,
Denmark under the Budapest Treaty on the International Recognition of the Deposit of
Microorganisms for the purposes of Patent Procedure at the National Collection of
Industrial, Marine and Food Bacteria (NCIMB) 23 St. Machar Street, Aberdeen
Scotland, GB on 25 June 2004 under accession numbers NCIMB 41226 and NCIMB

41227, respectively.
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Preferably, the lipolytic enzyme according to the present invention acts on at least a
glycolipid, such as digalactosyldiglyceride (DGDG) for example. Suitably, the
lipolytic enzyme according to the present invention may -also act op one or more other
polar lipid substrates, such as a phospholipid, for example a lecithin, e.g.
phosphatidylcholine. '

An alternative way of expressing the term “capable of hydrolysing glycolipids” as
used herein wounld be to say that the lipolytic enzyme has glycolipid hydrolysing
activity.

Preferably, the lipolytic enzyme according to the present invention hydrolyses a
glycolipid, such as digalactosyldiglyceride (DGDG) for exampie, and also a
phospholipid, such as a lecithin, e.g. phosphatidylcholine. :

Preferably the lipolytic enzyme according to the present invention acts on glycolipids
such as DGDG or MGDG.

In one aspect the lipolytic enzyme according to the present invention hydrolyses
DGDG to DGMG aud/or MGDG to MGMG.

In one aspect the lipolytic enzyme according to the present invention hydrolyses
lecithin to lysolecithin.

When it is the case that the Iipolytic enzyme is capable of transferring an acyl group
from at least a glycolipid to a donor substrate, the polar lipid substrate may be referred
to herein as the “lipid acyl donor™.

In one embodiment, the enzyme according to the present invention which as well as
having phospholipase and/or glycolipase activity (generally classified as E.C. 3.1.1.26;
EC. 3.1.14 or EC. 3.1.1.32 in accordance with the Enzyme Nomenclature
Recommendations (1992) of the Nomenclature Committee of the International Union
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of Biochemistry and Molecular Biology) also bas acyltransferase activity (generally
classified as E.C. 2.3.1.x), whereby the enzyme is capable of transferring an acyl group
from a lipid acyl donor to one or more acceptor snbstrates, such as one or more of the
following: a sterol; a stanol; a carbohydrate; a protein; a protein subunit;. glycerol.

Lipid acylransferases and their uses are taught in co-pending International Patent
Application number PCT/IB2004/000655. This document is incorporated herein by
reference. However, the lipolytic enzymes from the genera Streptomyces according to
the present invention are not taught in PCT/IB2004/000655.

In some aspects, the lipolytic enzyme for use in the methods and/or uses of the present
invention may be capable of transferring an acy! group from a polar lipid (as defined
herein) to one or more of the following acyl acceptor substrates: a sterol, a stanol, a

carbohydrate, a protein or subunits thereof, or a glycerol.

For some aspects the “acyl acceptor” according to the present invention may be any
compound comprising a hydroxy group (-OH), such as for example, polyvalent
alcohols, including glycerol; sterol; stanols; carbohydrates; hydroxy acids including
fruit acids, citric acid, tartaric acid, lactic acid and ascorbic acid; proteins or a sub-unit
thereof, such as amino acids, protein hydrolysates and peptides (partly hydrolysed

protein) for examnple; and mixtures and derjvatives thereof.

In some aspects, the “acyl acceptor”.according to the present invention may be
preferably not water.

In one embodiment, the acyl acceptor is preferably not a monoglyceride and/or a

diglyceride.

In one aspect, preferably the enzyme is capable of transferring an acyl group from a
lipid to a sterol and/or a stanol.
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In one aspect, preferably the enzyme is capable of transferring an acyl group from a
lipid to a carbohydrate.

In one aspect, preferably the enzyme is capable of transferring an acyl group from a
lipid to a protein or a subunit thereof. Suitably the protein subunit may be one or more
of the following: an amino acid, a protein hydrolysate, a peptide, a dipeptide, an
oligopeptide, a polypeptide.

Suitably in the protein or protein subunit the acyl acceptor may be one or more of the
following constituents of the protein or protein subunit: a serine, a threonine, a

tyrosine, or a cysteine.

When the protein subunit is an amino acid, suitably the amino acid may be any
suitable amino acid. Suitably the amino acid may be one or more of a serine, a

threonine, a tyrosine, or a cysteine for example.

In one aspect, preferably the enzyme is capable of transferring an acyl group from a
lipid to glycerol.

In one aspect, preferably the enzyme is capable of transferring an acyl group from a
lipid to a hydroxy acid. A

In one aspect, preferably the enzyme is capable of transferring an acyl group from a
lipid fo a polyvalent alcohol.

In one aspect, the lipoljrtic enzyme may, as well as being able to transfer an acyl group
from a lipid to-a sterol and/or a stanol, additionally be able to transfer the acyl group
from a lipid to one or more of the following: a carbohydrate, a protein, a protein

subunit, glycerol.
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The term lecithin as wused herein encompasses phosphatidylcholine,
phosphatidylethanolamine, phosphatidylinositol, phosphatidylserine and

 phosphatidylglycerol.

For some aspects, preferably the lipid substrate is at least a glycolipid, such as DGDG

for example.

For some aspects, preferably the lipid substrate may be additionally a phospholipid,
such as Jecithin, for example phosphatidylcholine. Other phospholipid substrates in

-accordance with the present invention may be one or more of N acyl phosphatidyl

ethanolamine (APE) or N acyl lyso-phosphatidyl ethanolamine (ALPE).

Preferably the lipid substrate is a food lipid, that is to say a lipid component of a
foodstnff.

For some aspects, preferably the lipolytic enzyme according to the present invention is
incapable, or substantially incapable, of acting on a ftriglyceride and/or a I-
monoglyceride and/or 2-monoglyceride.

In one embodiment the lipolytic enzyme according to the present invention has no
activity or no significant activity on triglyceride and/or 1-monoglycerides and/or 2-

monoglycerides.

Suitably, the lipid substrate or lipid acyl donor may be one or more lipids present in
one or more of the following substrates: fats, including lard, tallow and butter fat; oils
including oils extracted from or derived from palm oil, sunflower oil, soya bean oil,
safflower oil, cotton seed oil, ground nut oil, com oil, olive oil, peanut oil, coconut oil,
and rapeseed oil. Lecithin from soya, rapeseed or egg yolk is also a suitable lipid
substrate. The lipid substrate may be an oat lipid or other plant based material

confaining galactolipids.
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In one aspect the lipid substrate or lipid acyl dovor is preferably lecithin (such as
phosphatidylcholine) in egg yolk.

For some aspects of the present invention, the lipid may be selected from lipids having
a fatty acid chain length of from 8 to 22 carbons.

For some aspects of the present invention, the lipid may be selected from lipids having
a-fatty acid chain length of from 16 to 22 carbons, more preferably of from 16 to 20
carbons.

For some aspects of the present invention, the lipid may be selected from lipids having
a fatty acid chain length of no greater than 14 carbons, suitably from lipids having a
fatty acid chain length of from 4 to 14 carbons, suitably 4 to 10 carbons, suitably 4 to 8

carbons.

Suitably, the lipolytic enzyme -according to the present invention exhibits at least
glycolipase activity (E.C. 3.1.1.26). Suitably, the lipolytic enzyme according to the
present invention may also exhibit phospholipase A2 activity (E.C. 3.1.1.4) and/or
phospholipase Al activity (E.C. 3.1.1.32).

For some aspects, the lipolytic enzyme according to the present invention may solely
have glycolipase activity (E.C. 3.1.1.26).

For some aspects, the lipolytic enzyme according to the present invention is a
galactolipase (E.C. 3.1.1.26). The fact that the enzyme is designated at a galactolipase
does not, however, prevent it from having other side-activities, such as activity
towards other polar lipids for example.

The terms “glycolipase activity” and “galactolipase activity” as used herein are used
interchangeably.
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Suitably, for some aspects the lipolytic enzyme according to the present invention may
be capable of transferring an acy] group from a glycolipid and/or a phospholipid to one
or more acceptor substrates. '

Suitably the acceptor substrate may be one or more of the following substrates: a
sterol, a stanol, a carbohydrate, a protein, glycerol.

The term “polar lipids” as used herein means phospholipids and/or glycolipids. In
some aspects, the term polar lipids preferably means at least glycolipids.

The glycolipase activity; phospholipase activity and/or triacylglycerol lipase activity of
an enzyme can be determined using the assays presented hereinbelow.

Determination of galactolipase activity (glycolipase activity assay (GLU-7)):

Substrate

0.6% digalactosyldiglyceride (Sigma D 4651), 0.4% Triton-X 100 (Sigma X-100)
and 5 mM CaClz was dissolved in 0.05M HEPES buffer pH 7.

Assay procedure:

400 pL substrate was added to an 1.5 mL Eppendorf tube and placed in an Eppendorf

Thermomixer at 37°C for 5 minutes. At time t= 0 min, 50 pL enzyme solution was A
added. Also a blank with water instead of enzyme was analyzed. The sample was

mixed at 10x100 rpm in an Eppendorf Thermomixer at 37°C for 10 minutes. At time

t=10 mir the Eppendorf tube was placed in another thermomixer at 99°C for 10

minutes to stop the reaction.

Free fatty acid in the samples was analyzed by using the NEFA C kit from WAKO

GmbH.

Enzyme activity GLU at pH 7 was calculated as micromole fatty acid produced per

minute under assay conditions

Determination of phosﬁbo)ipase activity (phospholipase activity assay (PLU-7)):
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Substrate

0.6% L-~o Phosphatidylcholine 95% Plant (Avanti #441601), 0.4% Triton-X 100
(Sigma X-100) and 5 mM CaCl, was dispersed in 0.05M HEPES buffer pH 7.

Assay procedure:

400 pL substrate was added to a 1.5 mL Eppendorf tube and placed in an Eppendorf
Thermomixer at 37°C for 5 minutes. At time t= 0 min, 50 pL enzyme solution was
added. Also a blank with water instead of enzyme was analyzed. The sample was
mixed at 10x100 rpm in an Eppendorf Thermomixer at 37°C for 10 minutes. Af time
+=10 min the Eppendorf tube was placed in another thermomixer at 99°C for 10
minutes to stop the reaction.

Free fatty acid in the samples was analyzed by using the NEFA C kit from WAKO
GmbH. A

Enzyme activity PLU-7 at pH 7 was calculated as micromole fatty acid produced per

minute under assay conditions

Determination of triacylglyceride lipase activity: assay based on ftriglyceride
(tributyrin) as snbstrate (LIPU):

Lipase activity based on tributyrin is measured according to Food Chemical Codex,
Forth Edition, National Academy Press, 1996, p 803. With the modification that the
sample is dissolved in deionized water in stead of glycine buffer, and the pH stat set
point is 5.5 instead of 7.

1 LIPU is defined as the quantity of enzyme which can liberate 1 micromole butyric
acid per min. under assay conditions.

In one embodiment, preferably the lipolytic enzyme according to the present invention
is a wild-type lipolytic enzyme.

The terms “natural” and “wild type” as used herein mean a naturally~oocumng
enzyme. That is to say an enzyme expressed from the endogenous genetic code and
isolated from its endogenous host organism and/or a heterologously produced enzyme
which has not been mutated (i.e. does not contain amino acid deletions, additions or
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substitutions) when compared with the mature protein sequence (after co- and post-
translational cleavage events) endogenously produced. Natural and wild-type proteins
of the present invention may be encoded by codon optimised polynucleotides for
heterologous expression, and may also comprise a non-endogenous signal peptide
selected for expression in that host.

The term “variant™ as used herein means a protein expressed from a non-endogenous
genetic code resulting in one or more amino acid alterations (i.e. amino acid deletions,
additions or .substitutims) when conipared with the natural or wild-type sequence
within the mature protein sequence.

Preferably, the lipolytic enzyme according to the present invention is obtainable
(suitably may be obtained) from a bacterium.

Preferably, the lipolytic enzyme according to the present invention may be obtainable
(preferably obtained) from Strepiomyces spp.  Preferably, the lipolytic enzyme
according to the present invention may be obfainable (preferably obtained) from
Streptomyces strain L131 or Streptomyces strain L130.

Preferably, the lipolytic enzyme according to the present invention comprises an
amino acid sequence which has at least 70%, preferably at least 75%, preferably at
least 80%, preferably at least 90%, preferably at least 95%, preferably at least 98%,
preferably at least 99% identity with the amino acid sequence shown as SEQ ID No. 4.

Preferably, the mucleic acid encoding the lipolytic enzyme according to the present
invention comprises a nucleotide sequence which has at least 75%, preferably at least

~ 80%, preferably at least 85%, preferably at least 90%, preferably at least 95%,

preferably at least 98%, preferably at least 99% identity with the nucleotide sequence
shown in SEQ ID No. 3.

In one embodiment suitably the pH optimum of the enzyme on a galactolipid substrate
is about 6-8, preferably about 6.5 to 7.5, more preferably about 7.
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Suitably, the lipolytic enzyme according to the present invention may not be inhibited
or not significantly be inhibited by lipases inhibitors present in wheat flour. The term
“pot significantly inhibited” as used herein means that the enzyme is less sensitive to
Tipase inhibitors present in the wheat flour when compared to an equivalent dosage
(PLU) of LipopanF™ (Novozymes A/S, Denmark), as based on the standard
phospholipase (PLU-7) assay defined herein.

Suitably, the lipolytic enzyme according to the present invention is capable of
hydrolysing at least 10% of the galactolipid diester in the substrate (ic. in the
foodstuff, e.g. dough, for instance) to the monoester. Preferably, the enzyme is capable
of hydrolysing at least 20%, more preferably at least 30%, at least 40%, at least 50%,
at least 60%, at least 70%, at least 80% or at least 90% of the galactolipid diester to the
monoester. Suitably, the galactolipid diester may be one or more of MGDG or DGDG
and the monoester may be one or more of MGMG or DGMG, respectively.

Suitably, the lipolytic enzyme according to the present invention may be isolated from
a fermentation broth of Streptomyces strain L131 or Streptomyces strain L130.

Suitably, the enzyme may be purified by liquid chromatography.

The amino acid sequence of the purified lipolytic enzyme may be determined by
Edman degradation, LC-MS and MALDI-TOF analysis.

Suitably, the enzyme as defined herein may catalyse one or more of the following
reactions: interesterification, transesteﬁﬁc_aﬁon, alcoholysis, hydrolysis.

The term “interesterification™ refers to the enzymatic catalysed transfer of acyl groups
between a lipid donor and lipid acceptor, wherein the lipid donor is not a free acyl

group.
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The term “transesterification™ as used herein means the enzymatic catalysed transfer of
ap acyl group from a lipid donor (other than a free fatty acid) to an acyl acceptor (other
than water).

As vsed hercin, the term “alcoholysis” refers to the enzymatic cleavage of a covalent
bond of an acid derivative by reaction with an alcohol ROH so that one of the products
combines with the H of the alcohol and the other product combines with the OR group
of the aicohol.

As used herein, the term “alcobol” refers to an alkyl compound containing a hydroxyl

group.

As used herein, the term “hydrolysis” refers to the enzymatic catalysed transfer of an
acyl group from a lipid to the OH group of a water molecule. Acyl transfer which
results from hydrolysis requires the separation of the water molecule.

The term “foodstuff” as used herein means a substance which is suitable for human

and/or animal consumption.

Suitably, the term “foodstuff” as vsed herein may mean a foodstuff in a form which is
rcady for consumption. Alternatively or in addition, however, the term foodstuff as
used herein may mean one or more food materials which are used in the preparation of
a foodstuff. By way of example only, the term foodstuff encompasses both baked
goods produced from dough as well as the dough used in the preparation of said baked

goods.

In a preferred aspect the present invention provides a foodstuff as defined above

“wherein the foodstuff is selected from one or more of the following: eggs, egg-based

products, including but not limited to mayonnaise, salad dressings, sauces, ice creams,
egg powder, modified egg yolk and products made therefrom; baked goods, including
breads, cakes, sweet dough products, laminated doughs, liquid batters, muffins,
doughnuts, biscuits, crackers énd cookies; confectionery, including chocolate, candies,

/
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caramels, halawa, gums, including sugar free and sugar sweetened gums, bubble gum,
soft bubble gum, chewing gum and puddings; frozen products including sorbets,
preferably frozen dairy products, including ice cream and ice milk; dairy products,
inchuding cheese, butter, milk, coffee cream, whipped cream, custard cream, milk
drinks and yoghurts; mousses, whipped vegetable creams, meat products, including
processed meat products; edible oils and fats, aerated and non-aerated whipped
ﬁmducts, oil-in-water emulsions, water-in-oil emulsions, margarine, shortening and
spreads including low fat and very low fat spreads; dressings, mayonnaise, dips, cream

based sauces, cream based soups, beverages, spice emulsions and sauces.

Suitably the foodstuff in accordance with the present invention may be a “fine foods™,
inchuding cakes, pastry, confectionery, chocolates, fudge and the like.

In one aspect the foodstuff in accordance with the present invention may be a dough
product or a baked product, such as a bread, a fried product, a snack, cakes, pies,
brownies, cookies, noodles, snack items such as crackers, graham crackers, pretzels,

and potato chips, and pasta.

In a further aspect, the foodstuff in accordance with the present invention may be a
plant derived food product such as flours, pre-mixes, oils, fats, cocoa butter, coffee
whitener, salad dressings, margarine, spreads, peanut butter, shortenings, ice cream,
cooking oils. -

In another aspect, the foodstuff in accordance with the present invention may be a
dairy product, including butter, milk, cream, cheese such as natural, processed, and
imitation cheeses in a variety of forms (including shredded, block, slices or grated),
cream cheese, ice cream, frozen desserts, yoghurt, yoghurt drinks, butter fat,
anhydrous milk fat, other dairy products. The enzyme according to the present
invention may improve fat stability in dairy products.

1t is particularly advantageous to utilise the enzyme according to the present invention

in cheese. Thus, a lipolytic enzyme in accordance with the present invention can
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advantageousty be used to produce cheese. The- lipolytic enzyme catalyses the
hydrolyéis of phospholipids in the milk which contribufes to increased cheese yield.
Preferably the lipolytic enzyme according to the present invention may be added to
milk (referred to as cheese milk) prior to or during the cheese making process.

In another aspect, the foodstuff in accordance with the present invention may be a food
product containing animal derived ingredients, such as processed meat products,
cooking oils, shortenings.

In a further aspect, the foodstuff in accordance with the present invention may be a
beverage, a fruit, mixed fruit, a vegetable or wine. In some cases the beverage may
contain up to 20 g/1 of added phytosterols.

In another aspect, the foodstuff in accordance with the present inveption may be an
animal feed. The animal feed may be enriched with phytosterol and/or phytostanols,
preferably with beta-sitosterol/stanol. Suitably, the animal feed may be a poultry feed.
When the foodstuff is poultry feed, the present invention may be used to lower the
cholesterol content of eggs produced by poultry fed on the foodstuff according to the

present invention.

In one aspect preferably the foodstuff is selected from one or more of the following:
eggs, egg-based products, including mayonnaise, salad dressings, sauces, ice cream,
egg powder, modified egg yolk and products made therefrom.

Preferably the foodstuff according to the present invention is a water containing
foodstuff. Suitably the foodstuff may be comprised of 10-98% water, suitably 14—
98%, suitably of 18-98% water, suitably of 20-98%, suitably of 40-98%, suitably of
50-98%, suitably of 70-98%, suitably of 75-98%.

For some aspects, the foodstuff in accordance with the present invention may not be a
pure plant derived oil, such as olive oil, sunflower oil, peanut oil, rapeseed oil for
instance. For the avoidance of doubt, in some aspects of the present invention the
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foodstuff according to the present invention may comprise an oil, but the foodstuff is
not primarily composed of oil or mixtures of oil. For some aspects, preferably the
foodstuff comprises less than 95% lipids, preferably less than 90% lipids, preferably
less than 85%, preferably less than 80% Iipids. Thus, for some aspects of the present
invention oil may be a component of the foodstuff, but preferably the foodstuff is not

ao oil per se.

The advantages of using a lipolytic enzyme capable of transferring an acyl group in
food applications is tanght in patent applications WO2004/064987, WO2004/064537,
PCT/IB2004/004374 and GB0513859.9 which are incorporated herein by reference.

The production of free fatty acids can be detrimental to foodstuffs. Free fatty acids
have been linked with off-odours and/or off-flavours in foodstuffs, as well other
detrimental effects, including a soapy taste in dairy products such as cheese for
instance. Suitably in some embodiments of the present invention the lipolytic enzyme
is capable of transferring the fatty acid from the lipid to an acyl acceptor, for example
a sterol and/or a stanol. Hence, the overall level of free fatty acids in the foodstuff does
not increase or increasés only to an insignificant degree. Thus, a lipolytic enzyme
capable of transferring an acy} group according to the present invention may provide
one or more of the following unexpected technical effects in the production of cheese:
a decrease in the oiling-off effect in cheese; an increase in cheese yield; an

improvement in flavour; a rednced mal-odour; a reduced “soapy” taste.

The utilisation of a lipolytic enzyme taught herein which can transfer the acyl group to
a carbohydrate as well as to a sterol and/or a stanol is particularly advantageous for
foodstuffs comprising eggs. In particular, the presence of sugars, in particular glucose,
in eggs and egg products is often seen as disadvantageous. Egg yolk may comprise up
to 1% glucose. In accordance with the. present invention this inwanted sngar can be

readily removed by “esterifying” the sugar to form a sugar ester.

The presence of diglycerides in edible oils is disadvantageous. In particular,
diglycerides in edible oils (in particular palm oil) can lead to a low quality oil. Suitably
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in some embodiments of the present invention a lipolytic enzyme taught herein is
capable of transferring the fatty acid from the lipid to an acyl acceptor which reduces
the level of diglycerides in the oil without increasing or significantly increasing the
Jeve] of free faity acids.

A lipolytic enzyme taught herein is able to hydrolyse a major part of the phospholipids
in an edible or vegetable oil. This is highly advantageous in the enzymatic
degomming of vegetable or edible oils. Suitably in some embodiments of the present
invention the lipolytic enzyme may be capable of transferring the fatty acid from the
Iipid to an acyl acceptor. Hence, advantageously the overall Jevel of free fatty acids in
the oil does not increase or increases only to an insignificant degree. The production of
free fatty acids can be detrimental i the edible oil. Preferably, the method according
to the present invention results in the degumming of an edible oil wherein the
accumulation of frec fatty acids is reduced and/or eliminated.

The claims of the present invention are to be construed to include each of the
foodstuffs listed above.

In some of the applications mentioned berein, particularly the food applications, such
as the bakery applications, the lipolytic enzyme according to the present invention may
be used with one or more conventional emulsifiers, mcluding for example
monoglycerides, diacety] tartaric acid esters of mono- and diglycerides of fatty acids,
sugar esters, sodium stearoy] lactylate (SSL) and lecithins. ‘

In addition or alternatively, the enzyme according to the present invention may be used v
with one or more other suitable food grade enzymes. Thus, it is within the scope of the
present invention that, in addition to the lipolytic enzyme of the present mvention, at
least one further enzyme may be added to the baked product and/or the dough. Such
further enzymes include starch degrading enzymes such as endo- or exoamylases,
pullulanases, debranching enzymes, hemicellulases including xylanases, cellulases,
oxidoreductases, e.g. glucose oxidase, pyranose oxidase, sulfhydryl oxidase or a
carbohydrate oxidase such as one which oxidises maltose, for example hexose oxidase
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(HOX), lipases, pbospholipases and hexose oxidase, proteases, and acyltransferases
(such as those described in PCT/IB2004/000575 for instance).

The present invention encompasses food enzyme compositions, including bread and/or
dongh improving compositions comprising the enzyme according to the present
invention, and optionally further comprising another enzyme, such as one or more
other suitable food grade enzymes, including starch degrading enzymes such as endo-
or exoamylases, pullulanases, debranching enzymes, hemicellutases including
xylanases, cellulases, oxidoreductases, e.g. glicose oxidase, pyranose oxidase,
sulfhydryl oxidase or a carbohydrate oxidase such as one which oxidises maltose, for
example hexose oxidase (HOX), lipases, phospholipases and hexose oxidase, proteases
and acyltransferases (such as those described in PCT/IB2004/000575 for instance).

In some applications mentioned herein, particularly in food applications, such as the
bakery applications, the lipolytic enzyme according to the present invention may be
added in combination or sequentially with one or more enzyme substrates. By way of
example only, the lipolytic enzyme according to the present invention may be added
together with one or more polar lipid substrates and/or one or more acyl acceptor
substrates.

In some applications mentioned herein, particularly in food applications, such as the
bakery applications, the lipolytic enzyme according to the present invention may be
used with one or more hydroxy acids, including for example tartaric acid, citric acid,

lactic acid, succinic acid or ascorbic acid for example.

The term “improved properties” as used herein means any property which may be
improved by the action of the lipolytic enzyme of the present invention. In particular,
the use of the lipolytic enzyme according to the present inventicn results in one or
more of the following characteristics: increased volume of the baked product;
improved crumb structure of the baked product; anti-staling properties in the baked
product; increased strength, increased stability, reduced stickiness and/or improved
machinability of the dough.
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The improved properties are evaluated by comparison with a dough and/or a baked
product prepared without addition of the lipolytic enzyme according to the present

invention.

The term “baked product” as used herein includes a product prepared from a dough.
Examples of baked products (whether of white, light or dark type) which may
advantageonsly produced by the present invention include one or more of. the
following: bread (including white, whole-meal and rye bread), typically in the form of
Joaves or rolls, steam buns, French baguette-type bread, pita bread, tacos, con tortilla,
wheat tortilla, cakes, pancakes, biscuits, crisp bread, pasta, noodles and the like.

The dough in accordance with the present invention may be a leavened dough or a
dough to be subjected to leavening. The dough may be leavened in various ways such
as by adding sodium bicarbonate or the like, or by adding a suitable yeast culture such
as a culture of Saccharomyces cerevisiae (baker’s yeast).

The present invention further relates to the use of the Iipolytié enzyme in accordance
with the present invention to produce a pasta dough, preferably prepared from durum
flour or a flour of comparable quality.

The lipolytic enzyme according to the present invention is suitable for use in the
enzymatic degumming of vegetable or edible oils. In processing of vegetable or edible
oil the edible or vegetable oil is treated with lipolytic enzyme according fo the present
invention so as to hydrolyse a major part of the polar lipids (e.g. phospbolipid).
Preferably, the fatty acyl groups are lrydrolysed from the polar lipids. The degumming .
process typically results in the reduction of the content of the polar lipids, particularly
of phospholipids, in an edible oil due to hydrolyse of a major part (i.e. more than 50%)
of the polar lipid, e.g. phospholipid. Typically, the aqueous phase containing the
hydrolysed polar lipid (e.g. phospholipid) is separated from the oil. Suitably, the
edible or vegetable oil may initially (pre-treatment with the enzyme according to the
present invention) have a phosphorus content of 50-250 ppm.
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In one embodiment, the present invention relates to the use of the lipolytic enzyme in
accordance with the present invention in the bioconversion of polar lipids (preferably
glycolipids) to make high value products, such as carbohydrate esters and/or protein
esters and/or protein subunit esters and/or a hydroxy acid ester. The use of a lipolytic
enzyme, particularly a lipolytic enzyme capable of transferring acyl groups from a
polar lipid substrate (preferably a glycolipid) to a acyl acceptor, in the bioconversion
of polar lipids and the advantages thereof is detailed in PCT/IB2004/004374

incorporated herein by reference.

In one embodiment the lipolytic enzyme for use in the methods of the present
invention may be immobilised. When it is the case that the enzyme is immobilised the
admixture comprising an acyl donor, optionally an acyl acceptor, and optionally water
may be passed through a column for example comprising the immobilised enzyme.
By immobilising the enzyme it is possible to easily reuse it.

Suitably, the immobilised enzyme may be used in a flow reactor or in a batch reactor
containing a réaction mixture which comprises a lipid acyl donor and optionally an
acyl acceptor dissolved in water. When the acyl acceptor is present the donor and
acceptor are in a two-phase system or an emulsion. The reaction mixture may be
optionally stirred or sonicated. Once the reaction has reached equilibrium for example,
the reaction mixture and the immobilised enzyme may be separated. Suitably, the
reaction product may be fractionated for example by hydrophobic interaction
chromatography, crystallisation or high vacuum distillation.

Immobilised lipid acyl transferase can be prepared using immobilisation techniques
known in the art. There are numerous methods of preparing immobilised enzymes,
which will be apparent to a person skilled in the art (for example the techniques
referred to in EP 0 746 608; or Balcao V.M. et al Enzyme Microb Technol. 1996 May
1; 18(6):392-416; or Retz et al Chem Phys Lipids 1998 June:93(1-2) : 3-14;
Bomscheuer et al Trends Biotechnol. 2002 Oct; 20(10):433-7; Plou et al
Biotechnology 92 (2002) 55-66; Warmuth et al 1992 Bio Forum 9, 282-283; Ferrer et
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al 2000 J. Chem Technol. Biotechnol. 75, 1-8; or Christensen et al 1998
Nachwachsende Rohstoff 10, 98-105; Petersen and Christenen 2000 Applied
Biocatalysis Harwood Academic Publishers, Amsterdam (each of which is

incorporated herein by reference).

Techniques which may be used herein inclide covalent coupling to Eupergit C,
adsorption on polypropylene and silica-granulation for example.

LIPOLYTIC ENZYMES IN ACCORDANCE WITH THE PRESENT INVENTION
The lipolytic enzyme for use in accordance with the present invention and/or the
methods described herein is preferably a lipolytic cnzyme-capable of hydrolysing at
least galactolipids and/or capable of transferring an acyl group from at Jeast a
galactolipid to one or more acyl acceptor substrates, wherein the enzyme is encoded by
a nucleic acid selected from the group consisting of:

d) amucleic acid comprising a pucleotide sequence shown in SEQ ID No. 3;

e} anucleic acid which is related to the nucleotide sequence of SEQ ID No. 3 by the

degeneration of the genetic code; and
f) a nucleic acid comprising a nucleotide sequence which has at least 70% identity

with the pucleotide sequence shown in SEQ ID No. 3.

Preferably, the lipolytic enzyme used in accordance with the present invention and/or
in the methods described herein is a -lipolytic enzyme comprising an amino acid
sequence as shown in SEQ ID No. 4 or an amino acid sequence which has at least 60%
identity thereto.

However, the lipolytic enzyme for use in accordance with the present invention and/or
in the methods of the present invention may be any lipolytic enzyme obtainable from
Streptomyces species which is capable of hydrolysing at least a galactolipid and/or
capable of transferring an acyl group from a galactolipid to one or more acyl acceptor
substrates.
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Suitable lipolytic enzymes baving galactolipase activity for use in accordance with the
present inventiop and/or in the methods of the present invention may comprise any one

of the following amino acid sequences and/or be encoded by the following nucleotide

sequences:

Thermobifida\fusca GDSx 548 aa

SEQIDNo. 5

ZP 00058717 ’
1 miphpagerg evgaffaliv gtpqdrrirl echelrpirg regegenvp pltipgdgvt
61 cltsstrdae tvwrkhiqpr pdagfrphlg vocllagggs pgviwegreg crfeverrdt
121 pglsrimgd ssppfragws Ippkegeisq sarkipavpr yslirtdrpd gprgrivgsg
181 praatrrif igipalvivt altiviavpt gretiwmmwe eatqdwcelgy pvdsrggpae
241 dgefilispv qaatwgnyya Igdsyssgdg ardyypgtav kggowrsana ypeivaeayd
301 faghlsflac sgqrgyamid aidevgsgld wnsphisivt igiggndigf stvikicmvr
361 vplidskact dqedairkrm aklettfeel isevrirapd arilvvgypr ifpeeptgay
421 ytitasngnw Inetiqefng glaeavavhd eeiaasggvg svefvdvyha ldgheigsde
481 pwvngvaird laigvivdrs tfhpnaaghr avgervieqi etgpgrplya tfavvagatv
541 dtiagevg

SEQID No. 6

1 gatggigaac cagaacacce ggtegtcgge gigggegtee aggtgcagat geaggticit

61 caacigctee agcaggatge cgecgiggee gtgcacgatg gecttgggea ggectgtggot
121 cccegacgag tacageacee atageggaty gicgaacgge ageggyggiga actecagttc
181 cgegecttcg cecgeggett cgaactcege ccaggacagg gtgteggega cagggecgea
241 goccaggtac ggcaggacga cggtgtgetg caggetagge atgeegtege geagggcetit
301 gagcacgica cggeggicga aglecttace gecgtagegg tageegicea cggecageag
361 cactttcggt tegatctgeg cgaaccggte gaggacgetg cgcaccecga agicggggga
421 acaggacgac caggtcgeac cgatcgegge geaggegagg aatgeggeeg tegectegge
481 gatgttcgge aggtaggeca cgacocggie gecggggece acceegagge tgcggaggge
541 cgcagcgatc geggeggtge gggteegeag tictceecag gtecactegg teaacggecg
601 gagttcggac gegtgcegga tegocacgge tgataggiea cggtegegga agatgtgete
661 ggceotaghig agggtggege cggggaacca gacggegecg ggcatggegt cggaggegag
721 cactgtggtg tacgggotag cggegegcac ceggtaglac tcecagateg cggaccagaa
781 tccitcgagg teggttaceg accagegeca cagtgecteg tagteegglg cgtecacace
841 geggtgetee cgcacceage gggtgaacge ggtgagatig gogegticlt tgegetecte

901 gtcgggactc cacaggateg geggetgeag cigagtgte atgaaacgeg accccttcgt
861 ggacggtgeg gatgeagtga gegtegggty celccectaa cgeteccegg tgacggagty
1021 tigigcacca catctagcac gegggacgeg gaaaccglat ggagaaaaca cetacaacce
1081 cggcoggacy gtyygtitcg gecacactta ggggicgaat geetgetige cgggeaggge
1141 agiccegggg fgctgtggtg cogacgggay gactgicget tcgaggtatg ccggegggac
1201 actceggges fcagoecgtac ccgeaacggg gacagitctc cleecticeg gactagatag
1261 teccttceee cgaaatgegg cgagateice cagtcagece ggaaaacace cgetgtgece
1321 aggtactcit tgclicgaac agacaggecg gacggieeac gggggaggtt totgggcage
1381 ggaccacyig cggegaccag acgacggtlg ticcteggta tecocegctet igtactiaty
1441 acagcgctea cgceiggtett ggeigteceg acggggegeg agacgetatg gegeatgtag
1501 tgtgaggeea cccaggactg gigeetgggg gigecggteg actecegegg acagectgeg
1561 gaggacggcg agtiiciget getttetecg giccaggeag cgacclggag gaactattac
1621 gegelcgggg aticgtacte ticggaggac ggggcccgeg actactatce cggeacegeg
1681 gtgaagggeg gttgetggeg gtecgetaac gectateegg agelggtege cgaagectac
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1741 gacttcgeeg gacactigte gticctggee tgcageggee agegeggeta cgecatgett
1801 gacgctatcg acgaggtcgg clcgeagety gactggaact ceectcacac gtegetgatg
1861 acgatcggga tcggeggeaa cgatctggag tictccacag tittgaagac ctgeatggata
1921 cgggtgccge tgctggacag caaggegige acggaccagg aggacgeiat ccgeaagegg
1981 atggcgaaat icoagacgac gtitgaagag cicatcageg aagtgegeac ccgogegecyg
2041 gacgeecgga tecligiegt gggotaceee cggattitte cggaggaacc gaccggegee
2101 tactacacgc fgaccgogag caaccageygg iggelcaacg aaaccatica ggagttcaac
2161 cageagcetcg ccgaggetgt cgegglceac gacgaggaga tgecgegtc gggegagoty
2221 ggeageglgg agticglgga cgiclaccac geghiggacg gecacgagat cggetcggac
2281 gagecglogy tgaacgggot geagtigegy gacciegeea ceggagtgac tolggaccge
2341 agtacctice acceeaacge cgeigggeac caggeggteg gtgagegggt catcgageag
2401 atcgaaaccg gecegggeeg tocgetctat gecactiicg cggtggtgge gggggegace
2461 glggacactc tcgcgggega agtggagtga coeggeliac cgiceggeee geaggteige
2521 gagcactgcg gegateiggt cocactgeeea gtgeagtteg icticggtga tgaccagegg
2581 cggggagage cogategttg agecgtgegt gicttigacg agcacaccce getgeaggag
2641 cogtiegeac agftelcelic cogiggecag agtegggieg acgtcgalee cageccacag
2701 geegatgelg cgggecgega cecacgeegtt gecgaccagt tagtcgagge gagegegeag
2761 cacgggggeg agggegcgga caiggiccag gtaagggecg fegeggacga ggctcaccac
2821 ggeagtgceg accgegeagy cgagggegtt geegecgaag gtgetgeegt getggecgag
2881 geggateacg fegaagactt cogegtegee tacegeegee gecacgggea ggatgeegee
2941 geeccagegct tigecgaaca ggtagatate ggegicgact cegetgtggt cgcaggeccg

Thermobifida\fusca\ - GDSx

SEQ ID No. 7

1 vgsgpraatr riifigipal vivialivl avpigretiw mwceatqdw cigvpvdsrg
61 gpaedgefl) ispvaaatwg nyyalgdsys sgdgardyyp gtavkggewr sanaypelva
121 eaydfaghls flacsggrgy amidaidevg sgldwnspht sivtigiggn digfstvikt
181 cmvrvplids kactdgedai rkrmakfett feelisevrt rapdarilvv gyprifpeep
241 tgayytitas ngrwinetiq efnagiaeav avhdeeiaas ggvgsvefvd vyhaldghei
301 gsdepwvngv qirdlatgvt vdrsifhpna aghravgerv iegietgpgr plyaifavva
361 gatvdtiage vg

Corynebacterium\effciens\ GDSx 300 aa

SEQ ID No. 8

n

1 mritviaasa llliagcadg areetagapp gessggiree gaeastsitd vyialgdsya
61 amggrdqplr gepfcirssg nypelhaev tdlicggavt gdlleprilg ertipaqvda
121 Heditivl siggndigfg evagcireri agenaddcvd ligetigeql dglppgldrv
181 heairdragd aqvwvigylp Ivsagdcpel gdvseaditw aveltggine tvreaaerhd
241 alfvipddad ehtscappqq rwadiqgqqt dayplhptsa gheamaaavr dalglepvgp

SEQID No. 9

1 tictggagtg tiatggggtt giatcggct cotectgogt ggatcecgee aggtggggta

61 ticacggggg actitiglgt ccaacageeg agaatgagtg cectgagegg tgggaatgag
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121 gtgggegagg ctgtgtcgee atgaggggge ggegagetct gtggtgecee gegacceeeg
181 gccecggtga geggtgaatg aaatcegget gtaatcagea tccegtgece acceegtegg
241 ggaggteage geccggagtg tetacgeagt cggatectct cggactegge catgetgtcg

301 geageatege getecegagt citggegtes cteggetatt cigectgelg teectggaag

361 gcgaaatgat caccggggag tgatacaceg glggtotcat cocggatgee cacticggeg
421 ccatcoggea attogggeag ctecgggtag aagtaggtgg catcegatge gtcggtgacg
481 ccalaglggg cgaagatcic atcctgeticg agggtgcica ggecactcte cggalegata

541 togggagegt cctigatgge gioctigelg aazccgaggt geagctigtg ggcttecaat

601 ticgeaccac ggagogagac gaggctggaa tgacggeega agagecegly giggacclea
661 acgaagutgg gtegiccogt gicatcaity aggaacacge ccfccaccgc acccagcetig
721 tggecggagt tgtegtagye getggoatce agaagggaaa cgatctcata titgtcgatg

781 tgcicagaca igatcticet ttgetgtcgg igtctggtac taccacggta gogctgaatg

841 caactgttat titicighia tittaggaat tggtecatat cocacagget ggctgtagtc

901 aaatcgtcat caagtaatce clgicacaca aaatgggtag tgggagecect ggicgeggtt

961 ccgtgggagg cgeegtgece cgcaggateg teggeategg cggatetgge cgglaceecg
1021 cgglgaataa aafcatictg taaccitcat cacggttagt titaggtate cgeecctitc

1081 gtcctgacee cgtececgge gegeaggage cogeaggttg cggtagacag gggagacgty
1141 gacaccatga ggacaacggt catcgcagca agcgceattac tecttctege cggatgegeg
1201 gatggggcee gggaggagac cgecggtgea cegeegggtg agiccicegg gggeatceag
1261 gaggagggag cggaggegic gacaageatc accgacgtct acatcgeeet cggggattee
1321 tatgcogega tgggegageg ggatcagecg tacggggtg agecgticlg cotgogeicg
1381 tecggtaatt acceggaact cetecacgea gaggtcaceg atctcacclg ccaggaggeg
1441 glgaccgggy atctgolega accecaggacg ctgggggage geacgotgee ggcgeaggtg
1501 gatgcgeiga cggaggacac caccelggte accctctcea tcgggggcaa tgaccicgga
1561 ticggggagg tggcagaatg catccgagaa cggatcgecg gggagaacyc tgatgatigc
1621 gtggacctge tgggggaaac catcggggag cagcicgatc agettcecee geageiggac
1681 cgcglgeacg aggetatceg ggaccgegee ggggacgege aggtigtggt caccggttac
1741 clgecgeteg tgictgeeng ggactgecce gaactgggag atgicicega ggeggatcgt
1801 cgtigggcag tigagetgac cgggeagate aacgagaccg igegegagge ggeegaacga
1861 cacgatgcee tettigiecet gccegacgat gocgatgage acaccagitg tgcaccececca
1921 cagcagegct gggeggatat ccagggecaa cagaccgatg cctatccget gecaccegace
1981 tecgeeggec atgaggegat ggecgecgee giccgggacg cgctgggect ggaacegate
2041 cagcegtage gecgggegeg cgcitgtega cgaccaacce atgccagget geagtcacat
2101 ccgeacatag coegegeggg cgatggagta cgoaccatag aggatgagec cgatgeegac
2161 gatgatgage agcacactge cgaagggttg teccegagg gtgegcagag cegagtecag
2221 acctgeggee tgctecggat catgagecca accggegatg acgatcaaca ccoccaggat
2281 ccegaaggeg ataccacggg cgacataacc ggetgticeg gigatgatga tcgeggteee
2341 gacctgeeet gacceegeac cegectecag atcctecegg aaatcceggg tggeecectt
2401 ccagaggttg tagacacceg cecccagtac caccageecg gegaccacaa ccageaceac
2461 accecagggt tgggatagga cgglageggt gacategatg geggtetcce catcggaggt
2521 geigeegeee cgggegaagy tggaggtggt caccgecagg gagaagtaga ccatggccat
2581 gaccgeeccc ttggeecttt cettgaggte ctegeecgee agcagctgge tcaatigeca
2641 gagtcccagg geegecaggyg cgatgacgge aacccacagg aggaactgce cacccggage
2701 clcegegalg gtggecaggg cacctgaatt egaggectea tfcaceocgaac cgeeggatce
2761 agiggegatg cgocaccgega tecaccegat gaggatgtge agtatgeeca ggacaatgaa
2821 accacctclg gecagagtag teagegeogg gtagtecteg gectggtegg cagecegtic
2881 gatcgteegt ttegeggate tggtategee citatccata geteccattg aaccgectig

2941 aggggtgggce ggecactgtc agggcggatt gtgaictgaa ctatgatgtt ccatcaacce
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SEQ ID No. 12

NP 625998,

1 mythrivgh ssiviaagaa ligaatagaa gpaaadgyva lgdsyssgvg agsyisssgd
61 ckrstkahpy waaahspst fdftacsgar tgdvisgqlg pissgtgivs islggndagf
121 adtmitcvi sessclstia taeayvdstl pgkidgvysa isdkapnahv vvigypriyk
181 Igticigise tkrtainkas dhintviaqr aaahgftfgd vritfighel csgspwihsv
241 nwinigesyh ptaagqsaay lpvingaa , A
n . ‘ i

SEQID Ne. 13

1 cecggeggec cglgoaggag cageageegg ceegegatgt ceicgggegt cgtcticate

61 aggcegicea tegegtegge gaceggegee gtgtagttgg cceggaccte gteecaggty
121 ccegeggega tctgacaggt ggtgegglge gggecgegee gaggggagac gtaccagaag
181 cccategtea cgticteegg cigeggticg ggetcgtecg cegetecgte cgtegecicg

241 ccgageacct icicggegag gteggegelg gtegecgtea cegigacgte ggegeeccag
301 clceagegeg agatcageag cgtccageeg fegeecteey ccagegicge gctocggicg
361 tcgtogeggg cgatcegeag cacgegegeg cogggegaca geagegigge geeggacegt
421 acgeggtega tgttcgeege gtgegagtlac ggetgeteac ceglggegaa acggecgagg
481 aacagcgegt cgacgacgtc ggacggggag tegelgtegt ceacgtigag ceggategge
541 agggcticgt gegggticac ggacalgteg ceatgaicgg geacceggee geegegtgea
601 ccogetitee cgggeacgea cgacaggyge tictegeeg teticegice gaacttgaac

661 gagtgtcage cattictigg calggacact fceagtcaac gegegtaget getaccacgg

721 ttgtggcage aatectgeta agggaggtic catgagacgt ttecgacttg teggcticct

781 gagttcgeic gtectegeeg ceggegeegce cotcaccygg geagegaccy cccaggegge
841 ccaacotgee gecgecgacg getatgigge coteggegac tcctacteet ccggogtcag
901 agcgggceage facalcaget cgageggega clgcaagege agecacgaagg cccaicscta
‘861 ceigtgggeg geegeecact egeeciecac gicgacite accgeotgit ccggegeceg
1021 tacgagtgat gitctelceg gacagctcgg cocgeleage tecggeaceg gectegtcic
1081 galcagcatc ggecgycaacg acgecggtit cgcegacace atgacgacct gtgtgcicca
1141 gtccgagagce tectgectgt cgeogatege caccgeegag gegtacgicg actcgacgel
1201 geecggeaag ciegacggeg tetacicgge aatcagegac aaggegeega acgccecacgt
1261 cgtegteate ggctaccege gotictacaa geteggeace accigeatcg gectgiccga
4321 gaccaagegg acggegatca acaaggecic cgaccaccle aacaccgtce tcgcecageg
1381 cgceegecgee cacggctica coticggega cgtacgeace accticaceg gecacgaget
1441 gigctccgge ageccctgge tgcacagegt caactggety aacafcggcy agtcgtacca
1501 ccccaccgeyg goeggecagt ceggtogota cotgeeggic clcaacggeg ccgectgace
1561 tcaggcggaa ggagaagaag aaggagegga gggagacgag gagtgggagg cecegeccga
1621 cggggtcece giceoegtat cegtoteegt cccggteeeg caagtcaccg agaacgccac
1681 cgegtcggac gtggocegea coggactceg cacciooacy cgeacggeac fctcgaacge
1741 geeggtgteg tegtgegteg tcaccaccac geegtectag cgegageget cgecgeccga
1801 cgggaaggac agcgtecgee accceggate ggagaccgac cegteegegg tcacceaccy
1861 gtagcegace tecgegggea geogeecgac cgtgaacgte gecgtgaacg cgggtgeceg
1921 gtegtgegge ggeggacagg cecocyagta gtgggtgege gageecacca cggteaccle
1981 caccgactge getgegggac

n
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S.avermitilis\ GDSx 269 aa

SEQ ID No. 14

NP 827753.

1 mursritayv tsillavgea Hgaataqas paaaatgyva Igdsyssgvg agsylsssgd
61 ckrsskaypy hwgaahspss fsfmacsgar tgdvianglg tinsstglvs liggndagf
121 sdvmitcviq sdsaclsrin takayvdstl pgqldsvyta istkapsahv avigyprivk
181 lggsclagls etkrsainda adylinsaiak raadhgfifg dvkstitghe icssstwihs .
241 Idliniggsy hptaaggsgg yipvmnsva
"

SEQ ID No. 15

1 ccacegeegg gteggeggey agtetecigg coteggtege ggagaggitg geegtigtage

61 cgitcagege ggegecgaac gictictica cogtgecgee gtacicgitg atcaggeeet
121 tgcecttget cgacgeggee tigaageegg tgecctictt gagegtgacy atgtagetge
181 cctigaicge ggtgggagag ccageggega geacegtgee clcgaeeggg giggeetggg
241 cgggeagtac ggtgaatceg coccacgaggg cgecggtege cacggeggtt atcgeggega
301 tccagatctt cttgctacge agetgigeca tacgagggag tectectetg ggcageggeg
361 cgccigggtg gagegeacag cigtogggag fgegegegte atcacgeaca cggeectgga
421 geglogtgtt cogooctggg tigagtaaag ccteggecat ctacgggggt gacteaaggg
481 agttgagacc clgicatgag tctgacatga geacgeaate aacggggccg tgagecaceee
541 ggggegacce cggaaagtge cgagaagtet tggeatggac actteciglc aacacgegta
601 gctggtacga cggttacgge agagatectg ctaaagggag gttccatgag acgticcega
661 attacggeat acgigaccte acicoiccie gecgicgget gegeecteac cggggeageg
721 acggcgeagg cgloccecage cgecgeggee acgggetatg togecctegg cgactegtac
781 togtoeggig teggegeegg cagetaccic agotccageg gegactgeaa gegeagticg
841 aaggectate cgtaccictg gcaggecgeg cattcaccecet cgtegticag titcatgget
901 tgeicgggeg cicgtacggg tgatgtectg gecaatcage teggeaccct gaacicgtee
861 accggcclgg tetcoctcac categgagge aacgacgegg getictecga cgicatgacg
1021 accigigtge tccagtcega cagegectge ctotecegea tecaacacgge gaaggegtac
1081 glcgactcea cocctgeecegy ceaactcgac agegtgtaca cggegatcag cacgaaggec
1141 cegtcggeec atgiggeegt getgggetac cocogettet acaaactggg cggeteetge
1201 ctcgegggec tetcggagac caageggtce gecatcaacg acgeggecga catctgaac
1261 agegcecateg ccaagegege cgocgaccac ggettcacet teggegacgt caagageacc
1321 ttcaceggcec atgagatctg ctecageage acetggetge acagictega cotgctgaac
1381 atcggcecagt cetaccacce gaccgeggee ggecagiecg geggetatet geeggicatg
1441 aacagegtag cclgagelce cacggectga atitttaagg cetgaattit taaggegaag
1501 gigaaccgga agcggaggee cegteegicg gggtetecgt cgeacaggic accgagaacy
1561 gcacggagtt ggacgtcgtg cgeaccgggt cgegeacclc gacggegate tegticgaga
1621 togticegcet cotgtegtac gtagtgacga acaccigctt ctgetgggte tttccgeege
1681 tcgocgggaa ggacageglc ticcageeeg gatccgagac clegecctic tiggtcacee
1741 agcggtactc caccicgacc ggeaceegge ccaccgtgaa ggtegeegty aacgiggacg
1801 cctgggegat gggcggeggg caggeaccgg agtagteggt gtgeacgeeg gigaccgtea
1861 ccitcacgga clgggecgge ggggicgteg tacegecgee gecacegeeg ceteceggag

B 1921 tggagccega gelgtggtcg coceegeegt cggegttgte giectcgggg ghittcgaac
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Thermobifida\fusca\ - GDSx

SEQ ID No. 16

1 mgsgpraatr niflgipal vivtaliivl avpigretiw rmwceatqdw cigvpvdsrg
61 gpaedgefll Ispvqaafwg nyyalgdsys sgdgardyyp gtavkggewr sanaypelva
121 eaydfaghls flacsgqrgy amidaidevg sqidwnspht siviigiggn digfstviki
181 cmvrvplids kactdgedai rkrmakfett feelisevrt rapdarivy gyprifpeep
241 tgayytitas ngrwinetig efngglasav avhdeeiaas ggvgsvefvd vyhaldghel
301 gsdepwvngv alrdiatgvt vdrsthpna aghravgerv ieqietgpgr plyatfavva
361 gatvdtlage vg

n

Themmobifida\fusca\ - GDSX
SEQ ID No. 17

1 ctgcagacac ccgeecegec ticteecgga tegicatglt cggegactee clcagegaca

61 ccggcaagat glacteeaag atgegegget accigeogte ctececgecg tactacgagg
121 gcegeticic gaacggeceg gtcigoctag ageagotgac gaagcagtic cocggeciga
181 cgatcgeeaa cgaggeegag gggggegega cegeaglege clacaacaag atclectgga
241 acccgaagta ceaggteatt aacaaccicg actacgaggt cacecagtic ttgecagaagg
301 actegticaa geccgacgac clggicates tgtogytgag cgecaacgac tacctggect
361 acggttggaa cacggageag gacgecaage gggtgegoga cgecatetcg gacgeggeaa
421 accgcatggt cclgaacgge gegaageaga tectgeligtt caaccigece gacctgggee
481 agaaccegic cgoeegetce cagaaggteg togaggeogt ciegeacglg tccgectace
541 acaacaagct getectcaac cicgecegge agetegecce gacgggcatg gtcaagetigt
601 tcgagatcga caageagtic geggagatge tgcgegaccee ceagaactic ggectgageg
661 acgiggagaa ccegtgotac gacggeaget acgtgtggaa geegttcgee acceggteeg
721  tctcgaccga ceggeagelg teggectict cgecoccagga gegeetggeg atcgetgoca
781 acccgctect ggeacaggeg gtageticge cgatggeecg cogetcggee tcgeeccica
841 actgcgagyg caagalgtic igggaccagg tecaceccac caccgtggte cacgecgece
901 tcicggageg cgocgecacs ttcategaga cocagtacga ghicctegece cactagicta

961 gaggatce

Thus, in a further aspect, the present invention provides the use of a lipolytic enzyme
comprising any one of the amino acid sequences shown as SEQIDNo.4,5,7,8, 12,
14, or 16 or an amino acid sequence which has at least 70%, 75%, 80%, 85%, 90%,
95%, 96%, 97% or 98% identity therewith, or encoded by any one of the nucleotide
sequences shown as SEQ ID No. 3, 6, 9, 13, 15 or 17 or a nucleotide sequence which
bas at least 70%, 75%, 80%, 85%, 90%, 95%, 96%, 97% or 98% identity therewith, in
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a foodstuff for the preparation of a lyso-glycolipid, for example digalactosyl
monoglyceride (DGMG) or monogalactosyl monoglyceride (MGMG) by treatment of
a glycolipid (e.g. digalactosyl diglyceride (DGDG) or monogalactosyl diglyceride
(MGDG)) with the lipolytic enzyme according to the present invention to produce the
partial hydrolysis product, i.e. the lyso-glycolipid.

In a further aspect, the m&eent invention yet further provides the use of a lipolytic
enzyme comprising any one of the amino acid sequences shown as SEQID No. 4, 5,7,
8, 12, 14 or 16 or an amino acid sequence \;vhich has at least 70%, 75%, 80%, 85%,
90%, 95%, 96%, 97% or 98% identity therewith, or encoded by any one of the
nucleotide sequences shown as SEQ ID No. 3, 6, 9, 13, 15 or 17 or a nucleotide
sequence which has at least 70%, 75%, 80%, 85%, 90%, 95%, 96%, 97% or 98%
identity therewith, in a foodstuff for the preparation of a lyso—phoséholipid, for
example lysolecithin, by treatment of a phospholipid (e.g. Jecithin) with the enzyme to
produce the partial hydrolysis product, L. a lyso-phospholipid.

In another aspect, the present invention yet further provides the use of a lipolytic
enzyme comprising any one of the amino acid sequences shown as SEQIDNo.4,5,7,
8, 12, 14 or 16 or an amino acid sequence which has at least 70%, 75%, 80%, 85%,
90%, 95%, 96%, 97% or 98% identity therewith, or encoded by any one of the
nucleotide sequences shown as SEQ ID No. 3, 6, 9, 13, 15 0r 17 or a nucleotide
sequence which has at least 70%, 75%, 80%, 85%, 90%, 95%, 96%, 97% or 98%
identity therewith, in an egg or an egg-based product for the hydrolysis of
phospholipids and/or glycolipids.

In another aspect the present invention provides the use of a lipolytic enzyme
comprising any one of the amino acid sequences shown as SEQIDNo.4,5,7,8, 12,
14 or 16 or an amino acid sequence which has at Jeast 70%, 75%, 80%, 85%, 90%,
95%, 96%, 97% or 98% identity therewith, or encoded by any one of the nucleotide
sequences shown as SEQID No. 3, 6,9, 13, 15 or 17 or a nucleotide sequence which
has at least 70%, 75%, 80%, 85%, 90%, 95%, 96%, 97% or 98% identity therewith, in
a substrate (preferably a foodstuff) for hydrolysing fatty acyl groups.
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In smother aspect the present invention provides the use of a lipolytic enzyme
comprising any one of the amino acid sequences shown as SEQ ID No. 4,5, 7, 8, 12,
14 or 16 or an amino acid sequence which has at least 70%, 75%, 80%, 85%, 90%,
95%, 96%, 97% or 98% identity therewith, or encoded by auy one of the nucleotide
sequences shown as SEQ ID No. 3, 6,9, 13, 15 or 17 or a nucleotide sequence which
has at least 70%, 75%, 80%., 85%, 90%, 95%., 96%, 97% or 98% identity therewith, in
an edible oil for reducing the content of 2 phospholipid. '

In a further aspect the present invention relates to the use of the lipolytic enzyme
comprising any one of the aﬁxino acid sequences shown as SEQID No. 4,5, 7, §, 12,
14 or 16 or an amino acid sequence which has at least 70%, 75%, 80%, 85%, 90%,
95%, 96%, 97% or 98% identity therewith, or encoded by any one of the nucleotide
sequences shown as SEQ ID Ne. 3, 6,9, 13, 15 or 17 or a nucleotide sequence which
has at least 70%, 75%, 80%, 85%, 90%, 95%, 96%, 97% or 98% identity therewith, in
a substrate (preferably a bioconversion mixture comprising polar lipids (preferably
glycolipids)) for the production of make high value products, such as carbohydrate

esters and/or protein esters and/or protein subunit esters and/or a hydroxy acid ester.

In a preferable aspect, the present invention relates to a lipolytic enzyme comprising
any ope of amino sequences shown as SEQ ID No. 8, 14 or 16 or an amino acid
sequence which has at least 70%, 75%, 80%, 85%, 90%, 95%, 96%, 97% or 98%

identity therewith for the uses described herein.

More preferably the present invention relates to the use of a lipolytic enzyme
comprising the amino acid sequence shown as SEQ ID No. 16 or an amino acid
sequence which has at least 70%, 75%, 80%, 85%, 90%, 95%, 96%, 97% or 98%
identity therewith.

In a broad aspect the present invention may provide a lipolytic enzyme capable of
hydrolysing at least a glycolipid and/or capable of transferring an acyl group from at
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least a galactolipid to one or more acyl acceptors, wherein the enzyme is obtainable,
preferably obtained, from Thermobifida spp, preferably T. Susca.

In another broad aspect the present invention may provide a lipolytiﬁ enzyme capable
of hydrolysing at least a glycolipid and/or capable of transferring an acyl group from at
least a galactolipid to one or more acyl acceptors, wherein the enzyme is obtainable,
preferably obtained, from Corynebacterium spp, preferably C. efficiens.

In another broad aspect the present invention may provide a lipolytic enzyme capable
of hydrolysing at lea;st a glycolipid and/or capable of transferring an acyl group from at
Jeast a galactolipid to one or more acyl acceptors, wherein the enzyme is obtainable,
preferably obtained, from Streptomyces avermitilis.

In a firther aspect the present invention may provide a lipolytic enzyme capable of
hydrolysing at least a glycolipid and/or capable of transferring an acyl group from at
least a galactolipid to one or more acyl acceptors, wherein the enzyme comprises SEQ
IDNo. 5, 7, 8, 12, or 16 or an amino acid sequence which has at least 70%, 75%, 80%,
85%, 90%, 95%, 96%, 97% or 98% identity therewith, or the enzyme is encoded by
any one of the nucleotide sequences shown as SEQ ID No. 6, 9, 13, or 17 or a
nucleotide sequence which has at least 70%, 75%, 80%, 85%, 90%, 95%, 96%, 97% or
98% identity therewith.

In a further aspect the present invention may provide a lipolytic enzyme capable of
hydrolysing at least a glycolipid and/or capable of transferring an acyl group from at
least a galactolipid to one or more acyl acceptors, wherein the enzyme comprises SEQ
1D No. 14 or an amino acid sequence which has at least 80%, 85%, 90%, 95%, 96%,
97% or 98% identity therewith, or the enzyme is encoded by any one of the nucleotide
sequences shown as SEQ ID No. 15 or a nucleotide sequence which has at least 80%,
85%, 90%, 95%, 96%, 97% or 98% identity therewith. '

In a further aspect the present invention may provide a lipolytic enzyme capable of
hydrolysing at least a glycolipid and/or capable of transferring an acyl group from at
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least a galactolipid to one or more acyl acceptors, wherein the enzyme .comprises SEQ
ID No. 16 or an amino acid sequence which has at least 70%, 75%, 80%, 85%, 90%,
95%, 96%., 97% or 98% identity therewith, or the enzyme is encoded by any one of the
nucleétide sequences shown as SEQ ID No. 17 or a nucleotide sequence which has at
least 70%, 75%, 80%, 85%, 90%, 95%, 96%, 97% or 98% identity therewith.

In one embodiment of the present invention preferably the Strepromyces species from
which the lipolytic enzyme is obtainable (or obtained) is not Streptonyces rimosus.

In one embodiment of the present invention preferably the Streptomyces species from
which the lipolytic enzyme is obtainable (or obtained) is not Strepfomyces coelicolor.

ADVANTAGES

One advantage of the present invention is that the lipolytic enzyme has significant
glycolipid hydrolysing activity. This was surprising for a lipolytic enzyme from
Streptomyces spp. In addition, this was surprising for a lipolytic enzyme from
Thermobifida and Corynebacterium spp. '

A further advantage of the present invention is that the lipolytic enzyme has no or no
significant triacylglycerol hydrolysing activity.

ISOLATED
In one aspect, preferably the sequence is in an isolated form. The term “isolated”

means that the sequence is at least substantially free from at least one other component
with which the sequence is naturally associated in nature and as found in nature.
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PURIFIED

In oﬁe aspect, preferably the sequence is in a purified form. The tenm “purified”
means that the sequence is in a relatively pure state — e.g. at least about 90% pure, or at
Jeast about 95% pure or at least about 98% pure.

NUCLEOTIDE SEQUENCE

The scope of the present invention encompasses nucleotide sequences encoding enzymes
having the specific properties as defined herein.

The term “nucleotide sequence™ as used herein refers to an oligonucleotide sequence or
polynucleotide sequence, and variants, homologues, fragments and derivatives thereof

“(such as portions thereof). The nucleotide sequence may be of genomic or synthetic or

recombinant origin, which may be double-stranded or single-stranded whether
representing the sense or anti-sense strand. ’

The term "pucleotide sequence” in relation to the present invention includes genomic
DNA, cDNA, synthetic DNA, and RNA. Preferably it means DNA, more preferably
cDNA sequence coding for the present invention.

In a preferred embodiment, the nucleotide sequence when relating to and when
encompassed by the per se scope of the present invention does pot include the native
nucleotide sequence according to the present invention when in its natural environment
and when it is linked to its naturally associated sequence(s) that is/are also in its/their
natural environment. For ease of reference, we shall call this preferred embodiment the
“non-native nucleotide sequence”. In this regard, the term "native nucleotide sequence”
means an entire nucleotide sequence that is in its native environment and when
operatively linked to an entire promoter with which it is naturally associated, which
promoter is also in its pative environment. However, the amino acid sequence
encompassed by scope the present invention can be isolated and/or purified post
expression of a nucleotide sequence in its native organism. Preferably, however, the
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amino acid sequence encompassed by scope of the present invention may be expressed
by a mucleotide sequence in its pative organism but wherein the nucleotide sequence is
not under the control of the promoter with which it is natonrally assocjated within that
organism.

PREPARATION OF THE NUCLEOTIDE SEQUENCE ‘

Typically, the nucleotide sequence encompassed by scope of the present invention is
prepared using recombinant DNA techniques (i.e. recombinant DNA). However, in an
alternative embodiment of the invention, the nucleotide sequence could be synthesised,
in whole or in part, using chemical methods well known in the art (see Caruthers MH
et al., (1980) Nuc Acids Res Symp Ser 215-23 and Hom T et al., (1980) Nuc Acids Res
Symp Ser 225-232).

A nucleotide sequence encoding an enzyme which has the specific properties as
defined herein may be identified and/or isolated and/or purified from any cell or
organism producing said enzyme. Various methods are well known within the art for
the identification and/or isolation and/or purification of nucleotide sequences. By way
of example, PCR amplification techniques to prepare more of a sequence may be used

once a suitable sequence has been identified and/or isolated and/or purified.

By way of further example, a genomic DNA and/or cDNA library may be constructed
using chromosomal DNA or messenger RNA from the organism producing the
enzyme. If the amino acid sequence of the enzyme or a part of the amino acid
sequence of the enzyme is known, labelled oligonucleotide probes may be synthesised
and used to identify enzyme-encoding clones from the genomic library prepared from
the organism. Alternatively, a labelled oligonucleotide probe containing sequences
homologous to another known enzyme gene could be used to identify enzyme-
encoding clones. In the latter case, hybridisation and washing conditions of lower

stringency are used.
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Alternatively, enzyme-encoding clones could be identified by inserting fragments of
genomic DNA into an expression vector, such as a plasmid, transforming enzyme-
negative bacteria with the resulting genomic DNA library, and then platiog the
transformed bacteria onto agar plates containing a substrate for the enzyme (e.g.
maltose for a glucosidase (maltase) producing enzyme), thereby allowing clones
expressing the enzyme to be identified.

In a yet ﬁirthér alternative, the nucleotide sequence encoding the enzyme may be
prepared synthetically by established standard methods, e.g. the phosphoroamidite
method described by Beucage S.L. et al., (1981) Tetrahedron Letters 22, p 1859-1869,
or the method described by Matthes ef al,, (1984) EMBO J. 3, p 801-805. In the
phosphoroamidite method, oligonucleotides are synthesised, e.g. in an automatic DNA
synthesiser, purified, annealed, ligated and cloned in appropriate vectors. '

The nucleotide sequence may be of mixed genomic and synthetic origin, mixed
synthetic and cDNA origin, or mixed genomic and cDNA origin, prepared by ligating
fragments of synthetic, genomic or cDNA origin (as appropriate) in accordance with
standard techniques. Each ligated fragment corresponds to various parts of the entire
nucleotide sequence. The DNA seqxicnce may also be prepared by polymerase chain
reaction (PCR) using specific primers, for instance as described in US 4,683,202 or in
Saiki R K et al., (Science (1988) 239, pp 487-491).

Due to degeneracy in the genetic code, nuclectide sequences may be readily produced
in which the triplet codon usage, for some or all of the amino acids encoded by the
original nucleotide sequence, has been changed thereby producing a nucleotide
sequence with low homology to the original nucleotide sequence but which encodes
the same, or a variant, amino acid sequence as encoded by the original nucleotide
sequence. For example, for most amino acids the degeneracy of the genetic code is at
the third position in the triplet codon (wobble positibn) (for reference see Stryer,
Lubert, Biochemistry, Third Edition, Freeman Press, ISBN 0-7167-1920-7) therefore,
a nucleotide sequence in which all triplet codons have been “wobbled” in the third

position would be about 66% identical to the original nucleotide sequence however,
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the amended nucleotide sequence would encode for the same, or a variant, primary

amino acid sequence as the original nucleotide sequence.

Therefore, the present invention further relates to any nucleotide sequence that bas
alternative triplet codon usage for at least one-amino acid encoding triplet codon, but
which encodes the same, or a variant, polypeptide sequence as the polypeptide
sequence encoded by the original nucleotide sequence.

Furthermore, specific organisms typically bave a bias as to which triplet codons are
used to encode amino acids. Preferred codon usage tables are widely avéilablc, and
can be used to prepare codon optimised genes. Such codon optimisation techniques
are routinely used to optimise expression of transgenes in a heterologous host.

MOLECULAR EVOLUTION

Once an enzyme-encoding nucleotide sequence has been isolated, or a putative
enzyme-encoding nucleotide sequence has been identified, it may be desirable to
modify the selected nucleotide sequence, for example it may be desirable to mutate the

sequence in order to prepare an enzyme in accordance with the present imvention.

Mutations may be introduced using synthetic oligonucleotides. These oligonucleotides

contain nucleotide sequences flanking the desired mutation sites.

A suitable method is disclosed in Morinaga et al (Biotechnology (1984) 2, p646-649).
Another method of introducing mutations into enzyme-encoding nucleotide sequences
is described in Nelson and Long (Analytical Biochemistry (1939), 180, p 147-151).

Instead of site directed ﬁmtagenesis, such as described above, one can introduce
mutations randomly for instance using a commercial kit such as the GeneMorph PCR
mutagenesis kit from Stratagene, or the Diversify PCR random mutagenesis kit from
Clontech. EP 0 583 265 refers to methods of optimising PCR based mutagenesis,
which can also be combined with the use of mutagenic DNA analogues such as those
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described in EP 0 866 796. Error prone PCR technologies are suitable for the
production of variants of Jipolytic enzymes with preferred characteristics.
WO00206457 refers to molecular evolution of lipases. '

A third method to obtain novel sequences is to fragment non-identical mucleotide
sequences, either by using any number of restriction enzymes or an enzyme such as
Dnase 1, and reassembling full nucleotide sequences coding for functional proteins.
Alternatively one can use one or multiple non-identical nucleotide sequences and
introduce mutations during the reassembly of the full pucleotide sequence. DNA
shuffling and family shuffling technologies are snitable for the production of variants
of lipid acyl transferases with preferred characteristics. Suitable methods for
performing ‘shuffling' can be found in EPO 752 008, EP1 138 763, EP1 103 606.
Shuffling can also be combined with other forms of DNA mutagenesis as described in
US 6,180,406 and WO 01/34835.

Thus, it is possible to produce numerous site directed or random mutations into a
nucleotide sequence, either in vivo or in vitro, and to subsequently screen for improved
functionality of the encoded polypeptide by various means. Using in silico and exo
mediated recombination methods (see WO 00/58517, US 6,344,328, US 6,361,974),
for example, molecular evolution can be performed where the variant produced retains
very low homology to known enzymes or proteins. Such variants thereby obtained
may have significant structural analogy to known lipolytic enzymes, but have very low

amioo acid sequence homology.

As a non-limiting example, In addition, mutations or natural variants of a
polynucleotide sequence can be recombined with either the wild type or other
mufations or natural variants to produce new variants. Such new variants can also be
screened for improved functionality of the encoded polypeptide.

The application of the above-mentioned and similar molecular evolution methods
allows the identification and selection of variants of the enzymes of the present
invention which have preferred characteristics without any prior knowledge of protein
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structure or ﬁlncﬁon; and allows the production of non-predictable but beneficial
mutations or variants. There are pumerous examples of the application of molecular
evolation in the art for the optimisation or alteration of enzyme activity, such examples
include, but are not limited to one or more of the following: optimised expression
and/or activity in a bost cell or in vitro, increased enzymatic activity, altered substraie
and/or product speciﬁciiy, increased or decreased enzymatic or structural stability,
altered enzymatic activity/specificity in .preferred environmental conditions, e.g.
temperature, pH, substrate '

As will be apparent to a person skilled in the art, using molecular evolution tools an
enzyme may be altered to improve the functionality of the enzyme.

Suitably, the lipolytic enzyme used in the invention may be a variant, i.e. may contain
at least one amino acid substitution, deletion or addition, when compared to a parental
enzyme. Variant enzymes retain at least 20%, 30%, 40%, 50 %, 60%, 70%, 80%, 90%,
95%, 97%, 99% homology with the parent enzyme. Suitable parent enzymes may
include any enzyme with esterase or lipase activity. Preferably, the parent enzyme
aligps to the pfam00657 consensus sequence.

In a preferable embodiment a variant lipolytic enzyme retains or incorporates at least
one or more of the pfam00657 consensus sequence amino acid residues found in the

GDSx, GANDY and HPT blocks.

Enzymes, such as lipases with no or low galactolipase and/or phospholipase activity in
an aqueous environment may be mutated using molecular evolution tools to introduce
or enhance the galactolipase and/or phospholipase activity, thereby producing a
lipolytic enzyme with significant galactolipase and/or phospholipase activity suitable

for use in the compositions and methods of the present invention.

Suitably the variant enzyme may have no activity on triglycerides and/or
monoglycerides and/or diglycerides.
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Alternatively, the variant enzyme for use in the invention may bave increased activity
on triglycerides, and/or may also have increased activity on one or more of the
following, polar lLipids, phospholipids, lecithin, phosphatidylcholine, glycolipids,

digalactosyl monoglyceride, monogalactosyl monoglyceride. »

AMINO ACID SEQUENCES

The scope of the present invention also encompasses amino acid sequences of

enzymes having the specific properties as defined herein.

As used herein, the term “amino acid sequence” is synonymous with the term
“polypeptide” and/or the term “protein”. In some instances, the term “amino acid
sequence” is synonymous with the term “peptide”. In some instances, the term “amino
acid sequence” is synonymous with the term “enzyme”.

The amino acid sequence may be prepared/isolated from a suitable source, or it may be
made synthetically or it may be prepared by use of recombinant DNA techniques.

The enzyme encompassed in the present invention may be used in conjunction with other
enzymes. Thus the present invention also covers a combination of enzymes wherein the
combination comprises the enzyme of the present invention and another enzyme, which
may be another enzyme according to the present jovention. This aspect is discussed in a
later section.

Preferably the amino acid sequence when relating to and when encompassed by the per
se scope of the present invention is not a native enzyme. In this regard, the term "pative
enzyme” means an entire enzyme that is in its native environment and when it has been
expressed by its pative nucleotide sequence.
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The present invention also encompasses the use of homologues of any amino acid

sequence of an enzyme or of any nucleotide seqﬁcnce encoding such an enzyme.

Here, the term “homologue® means an entity having a certain homology with the
amino acid sequences and the mucleotide sequences. Here, the term “homology” can
be equated with “identity”. These terms will be used interchangeably herein.

In the present context, a homologous amino acid sequence is taken to include an amino
acid sequence which may be at least 87 or 90% identical, preferably at least 95, 96, 97,
98 or 99% identical to the sequence. Typically, the homologues will comprise the
same active sites etc. — e.g. as the subject amino acid sequence. Although homology
can also be considered in terms of similarity (i.e. amino acid residues having similar
chemical properties/functions), in the context of the present invention it is preferred to
express homology in terms of sequence identity.

In the present context, an homologous nucleotide sequence is taken to include a
nucleotide sequence which may be at Jeast 85 or 90% identical, preferably at least 95,
96, 97, 98 or 99% identical to a nucleotide sequence encoding an epzyme of the present
invention (the subject sequence). Typically, the homologues will comprise the same
sequences that code for the active sites etc. as the subject sequence. Although

homology can also be considered in terms of similarity (i.e. amino acid residues

" having similar chemical properties/functions), in the context of the present invention it

is preferred to express homology in terms of sequence identity.

For the amino acid sequences and the nucleotide sequences, homology comparisons
can be conducted by eye, or more usuaily, with the aid of readily available sequence
comparison programs. These commerciaily available computer programs can calculate
% homology between two or more sequences.
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% homology may be calculated over contiguous sequences, i.e. one sequence is
aligned with the other sequence and each amino acid in one sequence is directly
compared with the corresponding amino acid in the other sequence, one residue at a
time. This is called an “ungapped™ alignment. Typically, such ungapped alignments
are performed only over a relatively short number of residues.

Although this is a very simple and consistent method, it fails to take into consideration
that, for example, in an otherwise identical pair of sequences, one insertion or deletion -
will cause the following amino acid residues to be put out of alignment, thus
potentially resulting in a large reduction in % homology when a global alignment is
performed.  Consequently, most sequence comparison methods are designed to
produce optimal alignments that take into consideration possible insertions and
deletions without penalising unduly the overall homology score. This is achieved by
inserting “gaps” in the sequence alignment to try to maximise local homology.

However, these more complex methods assign “gap penalties” to each gap that occurs
in the alignment so that, for ﬂ;e same number of identical amino acids, a sequence
alignment with as few gaps as possible - reflecting higher relatedness between the two
compared sequences - will achieve a higher score than one with many gaps. “Affine
gap costs™ are typically used that charge a relatively high cost for the existence of a
gap and a smaller penalty for each subsequent residue in the gap. This is the most

‘commonly used gap scoring system. High gap penalties will of course produce

optimised alignments with fewer gaps. Most alignment programs allow the gap
penatties to be modified. However, it is preferred to use the default values when vsing
such software for sequence comparisons. For example when using the GCG
Wisconsin Bestfit package the default gap penalty for amino acid sequences is -12 for
agapand -4 for each extension.

Calculation of maximum % homology therefore firstly requires the production of an
optimal alignment, taking into consideration gap penalties. A suitable computer
program for carrying out such an alignment is the GCG Wisconsin Bestfit package
(Devereux et al 1984 Nuc. Acids Research 12 p387). Examples of other software than
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cap perform sequence comparisons inctude, but are not limited to, the BLAST package
(see Ausubel et al., 1999 Short Protocols in Molecular Biology, 4™ Ed — Chapter 18),
FASTA (Altschul ef ol., 1990 J. Mol. Biol. 403-410) and the GENEWORKS suite of
comparison fools. Both BLAST and FASTA are available for offline and online
searching (see Ausubel et al., 1999, Short Protocols in Molecular Biology, pages 7-58
to 7-60).

However, for some applications, it is preferred to use the GCG Bestfit program. A new

tool, called BLAST 2 Sequences is also available for comparing protein and nucleotide
sequence (see FEMS Microbiol Lett 1999 174(2): 247-50; and FEMS Microbiol Lett
1999 177(1): 187-8).

Although the final % homology can be measured in terms of identity, the alignment
process itself is typically not based on an all-or-nothing pair comparison. Instead, a
scaled similarity score matrix is generally used that assigns scores to each pairwise
comparison based on chemical similarity or evolutionary distance. An example of
such a matrix commonly used is the BLOSUM62 matrix - the default matrix for the
BLAST suite of programs. GCG Wisconsin programs generally use either the public
default values or a custom symbol comparison table if supplied (see user manual for
further details). For some applications, it is preferred to use the public default values
for the GCG package, or in the case of other software, the default matrix, such as
BLOSUMé62.

Altematively, percentage homologies may be calculated using the multiple alignment
feature in DNASIS™ (Hitachi Software), based on an algorithm, analogous to
CLUSTAL (Higgins DG & Sharp PM (1988), Gene 73(1), 237-244).

Once the software has produced an optimal alignment, it is possible to calculate %
homology, preferably % sequence identity. The software typically does this as part of

the sequence comparison and generates a numerical result.
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_ In a preferable aspect of the present invention the following software and settings for

calculating percentage sequence homology/identity are used. For amino acid
sequences percentage of identities (homology) or "positives™ are calculated by the
AlignX VectorNTI (Vector NTI Advance 9.1 from Invitrogen Corporation, Carlsbad,
California, USA.) for each possible pair of amino acid sequences. Settings are default
parameters (Gap opening penalty - 10, Gap extension penalty 0.1).

. For nucleic acid sequences percentage of identities (homology) or "positives” are

calculated by the AlignX VectorNTI programme from Informax Inc. (USA) for each
possible pair of nucleic acid sequences. Settings are default settings which for DNA is:
Gap opening penalty: 15 and Gap extension penalty: 6.66. (same settings for multiple
alignments).

Preferably the amino acid identity (homology) is calculated across the full-length
amino acid sequence (e.g. SEQ IDs 4, 5, 7, 8, 10, 12 and 14), or for nucleic acid to a
corresponding polynucleotide which encodes the respective the full-length amino acid
sequence. Amino acid or pucleic acid identity (homology) may be, preferably,
calculated by comparing the homology/identity over the mature polypeptide sequence,
i.e. a polypeptide sequence which has been co- or post-translationally processed, for
example by cleavage of an N-terminal signal peptide, or a C-terminal cleavage event.

The sequences may also have deletions, insertions or substitutions of amino acid
residues which produce a silent change and result in a functionally equivalent
substance. Deliberate amino acid substitutions may be made on the basis of similarity
in amino acid properties (such as polarity, charge, solubility, hydrophobicity,

. hydrophilicity, and/or the amphipathic nature of the residues) and it is therefore useful

to group amino acids together in functional groups. Amino acids can be grouped
together based on the properties of their side chain alone. However it is more useful to
include mutation data as well. The sets of amino acids thus derived are likely to be
conserved for structural reasons. These sets can be described in the form of 2 Venn
diagram (Livingstone CD. and Barton G.J. (1993) "Protein sequence alignments: a
strategy for the hierarchical analysis of residue conservation” Comput.4ppl Biosci. 9:
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745-756)Taylor WR. (1986) "The classification of amino acid conservation”
J.Theor.Biol. 119; 205-218). Conservative substitutions may be made, for example
according to the table below which describes a generally accepted Venn diagram

grouping of amino acids.

SET SUB-SET

Hydrophobic [FWYHKMILVAGC |Aromatic {FWYH -
Aliphatic [ILV

Polar WYHKREDCSTNQ | Charged HKRED
Positively | HKR
charged
Negatively | ED
charged

Small VCAGSPTND Tiny AGS

The present invention also encompasses homologous substitution (substitution and
replacement are both used herein to mean the interchange of an existing amino acid
residue, with an alternative residue) that may occur i.e. like-for-like substitution such
as basic for basic, acidic for acidic, polar for polar etc. Non-homologous substitution
may also occur i.e. from one class of residue to another or alternatively involving the
inclusion of unnatural amino acids such as omithine (hereinafier referred to as Z),
diaminobutyric acid ornithine (hcfeinaﬁer referred to as B), norleucine omithine
(hereinafter referred to as 0), pyriylalanine, thienylalanine, naphthylalanine and
phenylglycine.‘

Replacements may also be made by unnatural amino acids.

‘Variant amino acid sequences may include suitable spacer groups that may be inserted

between any two amino acid residues of the sequence including alkyl groups such as
methyl, ethyl or propy] groups in addition to amino acid spacers such as glycine or -

alanine residues. A further form of variation involves the presence of one or more
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amino acid residues in peptoid form, and will be well understood by those skilled in
the art. For the avoidance of doubt, “the peptoid form” is used to refer to variant
amino acid' residues wherein the a-carbon substituent group is on the residue’s
nitrogen atom rather than the o-carbon. Processes for preparing peptides in the
peptoid form are known in the art, for example Simon RJ er al., PNAS (1992) 89(20),
9367-9371 and Horwell DC, Trends Biotechnol. (1995) 13(4), 132-134.

The nucleotide sequences for use in the present invention may include within them
synthetic or modified nucleotides. A number of different types of modification to
oligonucleotides are known in the art. These include methylphosphonate and
phosphorothioate backbones and/or the addition of acridine or polylysine chains at the
3' and/or §' ends of the molecule. For the purposes of the present invention, it is to be
understood that the nucleotide sequences described berein may be modified by any
method available in the art. Such modifications may be carried out in order to enhance

the in vivo activity or life span of nucleotide sequences of the present mvention.

The present invention also encompasses the use of nucleotide sequences that are
complementary to the sequences presented herein, or any derivative, fragment or
derivative thereof. If the sequence is complementary to a fragment thereof then that
sequence can be used as a probe to idemtify similar coding sequences in other

organisms etc.

Polynucleotides which are not 100% homologous to the sequences of the present
invention but fall within the scope of the invention can be obtained in a number of ways.
Other variants of the sequences described herein may be obtained for example by probing
DNA libraries made from a range of individuals, for example individuals from different
populations. In addition, otber homologues may be obtained and such homologues and
fragments thereof in general will be capable of selectively hybridising to the sequences
shown in the sequence listing herein. Such sequences may be obtained by probing cDNA
fibraries made from or genomic DNA libraries from other species, and probing such
libraries with probes comprising all or part of any one of the sequences in the attached
sequence listings under conditions of medium to high stringeacy. Similar considerations
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apply to cbtaining species bomologues and allelic variants of the polypeptide or
nucleotide sequences of the invention.

Variants and strain/species homologues may also be obtained using degenerate PCR
which will nse primers designed o target sequences within the variants and hommologues
encoding conserved amino acid sequences within the se(iuenoes of the present invention.
Conserved sequences can be predicted, for example, by aligning the amino acid

sequences from several variantshomologues. Sequence alignments can be performed

using c‘omphter software known in the art. For example the GCG Wisconsin PileUp
program is widely nsed.

The primers used in degenerate PCR will contain one or more degenerate positions and
will be used at stringency conditions lower than those used for cloning sequences with

siogle Sequénce primers against known sequences.

Alternatively, such polynucleotides may be obtained by site directed mutagenesis of
characterised sequences. This may be useful where for example silent codon sequence
changes are required to optimise codon preferences for a particular host cell in which the
polynucleotide sequences are being expressed. Other sequence changes may be desired
in order to introduce resiriction enzyme recogpition sites, or to alter the property or
function of the polypeptides encoded by the polynucleotides.

Polynucleotides (nucleotide sequences) of the invention may be used to produce a primer,
e.g. a PCR primer, a primer for an alternative amplification reaction, a probe e.g. labelled
with a revealing label by conventional means using radioactive or non-radioactive labels,
or the polynucleotides may be cloned into vectors. Such primers, probes and other
fragments will be at least 15, preferably at least 20, for example at least 25, 30 or 40
nucleotides in length, and are also encompassed by the term polynucleotides of the

- invention as used heren.
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Polynucleotides such as DNA polynucleotides and probes according to the invention may
be produced recombinantly, synthetically, or by any means available to those of skill in
the art. They may also be cloned by standard techniques.

In general, primers will be produced by synthetic means, involving a stepwise
manufactare of the desired nucleic acid sequence one nucleotide at a time. Techniques
for accomplishing this using automated techniques are readily available in the art.

.Longer polynucleotides will generally be produced using recombinant means, for

example using a PCR (polymerase chain reaction) cloning techniques. The primers may
be designed to contain suitable restriction enzyme recognition sites so that the amplified
DNA can be cloned into a suitable cloning vector.

BIOLOGICALLY ACTIVE

Preferably, the variant sequences efc. are at least as biologically active as the

sequences presented herein.

As used herein “biologically active” refers to a sequence having a similar structural
function (but not necessarily to the same degree), and/or similar regulatory function
(but not necessarily to the same degree), and/or similar biochemical function (but not

necessarily to the same degree) of the naturally occurring sequence.

HYBRIDISATION

The present invention also encompasses sequences that are complementary to the
nucleic acid sequences of the present invention or sequences that are capable of
hybridising either to the sequences of the preseht invention or to sequences that are
complementary thereto. '
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The term “hybridisation” as used herein shall include “the process by which a strand of
nucleic acid joins with a complementary sirand through base pairing” as well as the
process of amplification as carried out in polymerase chain reaction (PCR)

_technologies.

The present invention also encompasses the use of nucleotide sequences that are
capable of hybridising to the sequences that are complementary to the sequences
presented herein, or any derivative, fragment or derivative thereof.

The term “variant” also encompasses sequences that are complementary to sequences
that are capable of hybridising to the nucleotide sequences presented herein.

Preferably, the term “variant” encompasses sequences that are complementary to
sequences that are capable of hybridising under stringent conditions (e.g. 50°C and
0.2xSSC {1xSSC = 0.15 M NaCl, 0.015 M Nascitrate pH 7.0}) to the nucleotide

sequences presented herein.

More preferably, the term “variant” encompasses sequences that are complementary to
sequences that are capable of hybridising under high stringent conditions (e.g. 65°C
and 0.1xSSC {1xSSC = 0.15 M NaCl, 0.015 M Najscitrate pH 7.0}) to the nucleotide

sequences presented herein.

The present invention also relates to nucleotide sequences that can hybridise to the
nucleotide sequences of the present invention (including complementary sequences of

those presented herein).

The present invention also relates to nucleotide sequences that are complementary to
sequences that can hybridise to the nucleotide sequences of the present invention

(including complementary sequences of those presented herein).



WO 2006/008633 PCT/IB2005/002602

10

15

20

25

30

57

Also inchided within the scope of the present invention are polynucleotide sequences
that are capable of hybridising to the nucleotide sequences presented herein under

" conditions of intermediate to maximal stringency.

In a preferred aspect, the present invention covers nucleotide sequences that can
hybridise to the pucleotide sequence of the present invention, or the complement
thereof, under stringent conditions (e.g. 50°C and 0.2xSSC). '

In a mere preferred aspect, the present invention covers nucleotide sequences that can
hybridise to the nucleotide sequence of the present invention, or the complement
thereof, under high stringent conditions (e.g. 65°C and 0.1xSSC).

RECOMBINANT

In one aspect the sequence for use in the present invention is a recombinant sequence —

i.e. a sequence that has been prepared using recombinant DNA techniques.

These recombinant DNA techniques are within the capabilities of a person of ordinary
skill in the art. Such techniques are explained in the literature, for example, J. Sambrook,
E. F. Fritsch, and T. Maniatis, 1989, Molecular Cloning: A Laboratory Marnual, Second
Edition, Books 1-3, Cold Spring Harbor Laboratory Press.

SYNTHETIC

In one aspect the sequence for use in the present invention is a synthetic sequence —
i.e. a sequence that has been prepared by in vifro chemical or enzymatic synthesis. Xt
includes, but is not limited to, sequences made with optimal codon usage for host
organisms - such as the methylotrophic yeasts Pichia and Hansenula.
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EXPRESSION OF ENZYMES

The nucleotide sequence for use in the present invention may be incorporated into a
recombinant replicable vector. The vector may be used to replicate and express the
nucleotide sequence, in enzyme form, in and/or from a compatible host cell.

Expression may be controlled using control sequences e.g. regulatory sequences.

The eniymc produced by 2 host recombinant cell by expression of the oncleotide
sequence may be secreted or may be contained intracellularly depending on the
sequence and/or the vector used. The coding sequences may be designed with signal
sequences which direct secretion of the substance coding sequences through a
particular prokaryotic or eukaryotic cell membrane.

EXPRESSION VECTOR
The term "expression vector” means a construct capable of in vivo or in vitro expression.

Preferably, the expression vector is incorporated into the genome of a suitable host
organism. The term “incorporated” preferably covers stable incorporation into the

genorme.

The nucleotide sequence of the present invention may be present in a vector in which the
mucleotide sequence is operably linked to regulatory sequences capable of providing for
the expression of the mucleotide sequence by a suitable host organism.

The vectors for use in the present invention may be transformed into a suitable host
cell as described below to provide for expression of a polypeptide of the present

invention.

The choice of vector e.g. a plasmid, cosmid, or phage vector will often depend on the
host cell into which it is to be introduced.
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The veciors for use in the present invention may contain one or more selectable marker
genes- such as a gene, which confers antibiotic resistance e.g. ampicillin, kanamycin,
chloramphenicol or tetracyclin resistance. Alternatively, the selection may be
accomplished by co-transformation (as described in WO91/17243).

Vectors may be used in vitro, for example for the production of RNA or used to
transfect; transform, transduce or infect a host cell.

Thus, in a further embodiment, the invention proﬁdes a method of making nucleotide
sequences of the present invention by introducing a nucleotide sequence of the present
invention into a replicable vector, introducing the vector into a compatible host cell,
and growing the host cell under conditions which bring about replication of the vector.

The vector may further comprise a nucleotide sequence enabling the vector to replicate
in the host cell in question. Examples of such sequences are the origins of replication
of plasmids pUC19, pACYC177, pUB110, pE194, pAMB1 and plJ702.

REGULATORY SEQUENCES

In some applications, the nucleotide sequence for use in the present invention is
operably linked to a regulatory sequence which is capable of providing for the
expression of the nucleotide sequence, such as by the chosen host cell. By way of
example, the present invention covers a vector comprising the nucleotide sequence of
the present invention operably linked to such a regulatory sequence, i.e. the vector is

an expression vector.

The term "operably linked" refers to a juxtaposition wherein the components described
are in a relationship permitting them to function in their intended maoner. A
regulatory sequence "operably linked" to a coding sequence is ligated in such a way
that expression of the coding sequence is achieved under condition compatible with

the control sequences.
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The term “regulatory sequences” includes promoters and enhancers and other
expression regulation signals.

The term "promoter” is used in the normal sense of the art, e.g. an RNA polymerase
binding site.

Enhanced expression of the nucleotide sequence encoding the enzyme of the present
invention may also be achieved by the selection of heterologous regulatory regions,
€.g. promoter, secretion leader and terminator regions.

Preferably, the nucleotide sequence according to the present invention is operably linked
to at least a promoter.

Examples of suitable promoters for directing the transcription of the nucleotide
sequence in a bacterial, fungal or yeast host are well known in the art.

CONSTRUCTS

The term "construct” - which is synonymous with terms such as "conjugate”, "cassette™
and "hybrid” - includes 2 nucleotide sequence for use according to the present invention
directly or indirectly attached to a promoter.

An example of an indirect attachment is the provision of a suitable spacer group such as
an intron sequence, such as the Shl-intron or the ADH intron, intermediate the promoter
and the nucleotide sequence of the present invention. The same is true for the term
"fused” in relation to the present fnvention which includes direct or indirect attachment.
In some cases, the terms do not cover the natural combination of the nucleotide sequence
coding for the protein ordinarily associated with the wild type gene promoter and when
they are both in their natural environment.
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The construct may even contain or express a marker, which allows for the selection of the
genetic construct.

For some applications, preferably the construct of the present invention comprises at least
the nucleotide sequence of the present invention operably linked to a promoter.

HOST CELLS

The term “host cell” - in relation to the present invention- includes any cell that
comprises either the nucleotide sequence or an expression vector as described above
and which is used in the recombinant production of an enzyme having the specific
properties as defined herein.

Thus, a further embodiment of the present invention provides host cells transformed or
transfected with a nucleotide sequence that expresses the enzyme of the present
invention. The cells will be chosen to be compatible with the said vector and may for
example be prokaryotic (for example bacterial), fingal, yeast or plant cells.
Preferably, the host cells are not human cells.

Examples of suitable bacterial host organisms are gram positive or gram negative
bacterial species.

Depending on the nature of the nucleotide sequence encoding the enzyme of the
present invention, and/or the desirability for further processing of the expressed
protein, eukaryotic hosts such as yeasts or other fungi may be preferred. In general,
yeast cells are preferred over fingal cells because they are easier to manipulate.
However, some proteins are either poorly secreted from the yeast cell, or in some cases
are not processed properly (e.g. hypergiycosylation in yeast). In these instances, a
different fungal host organism should be selected.
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The use of suitable host cells - such as yeast, fungal and plant host cells - may provide
for post-translational modifications (e.g. myristoylation, glycosylation, tnncation,
lapidation and tyrosine, serine or threonine phosphorylation) as may be needed to
confer optimal biological activity on recombinant expression products of the present

invention.
The host cell may be a protease deficient or protease minus strain.
The genotype of the host cell may be modified to improve expression.

Examples of host cell modifications include protease deficiency, supplementation of
rare tRNA's, and modification of the reductive potential in the cytoplasm to enhance
disulpbide bond formation.

For example, the host cell E. coli may overexpress rare tRNA's to improve expression
of heterologous proteins as exemplified/described in Kane (Curr Opin Biotechnol
(1995), 6, 494-500 "Effects of rare codon clusters on high-level expression of
heterologous proteins in E.coli"). The host cell may be deficient in a number of
reducing enzymes thus favouring formation of stable disulphide bonds as
exemplified/described in Bessette (Proc Natl Acad Sci USA (1999), 96, 13703-13708 "
Efficient folding of proteins with multiple disulphide bonds in the Escherichia coli

cytoplasm").

In one embodiment the host cell is a bacteria, preferably a gram-positive bacteria,
preferably a host cell selected from Actinobacteria, such as Biofidobacteria and
Aeromonas, particularly preferably deromonas salmonicida. Still more preferred are
Actinomicetales such as Corynebacteria, in particular Corynebacterium ghaamicum
and Nocardia. Particularly preferred are Streptomycetaceae, such as Streptomyces,
especially S. lividans.

A microbial host can be used for expression of the galactolipase gene, e.g. Eubacteria,
Archea or Fungi, including yeast. Preferred are Eubacteria, for example, Firmicutes
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(low GC-Gram positive bacteria), such as Bacillus subtilis and otber bacillus species,
lactic acid bacteria such as species of genera Lactobacillus and Lactococcus.

Also preferred are Gram-negative Proteobacteria, in particular Gammaproteobacteria,
such as host species belonging to the genera Pseudomonas, Xanthomonas, Citrobacter
and Escherichia, especially Escherichia coli.

In another embodiment the bost cell is the same genus as the native host species, i.e.
the recombinant gene is re-introduced and expressed in a species from the same genus

as the species from which the recombinant gene was isolated.

In another embodiment the host cell is the native host species, i.e. the recombinant
gene is re-introduced and expressed in the same species from which the recombinant
gene was isolated,

ORGANISM

The term “organism" in relation to the present invention includes any organism that could
comprise the nucleotide sequence coding for the enzyme according to the present
invention and/or products obtained therefrom, and/or wherein a promoter can allow
expression of the nucleotide sequence according to the present invention when present in

the organism.
Suitable organisms may include a prokaryote, fangus, yeast or a plant.

The term "transgenic organism” in relation to the present invention includes any organism
that comprises the nucleotide sequence coding for the enzyme according to the present
invention and/or the products obtained therefrom, and/or wherein a promoter can allow
expression of the nucleotide sequence according to the present invention within the
organism. Preferably the nucleotide sequence is incorporated in the genome of the

organism.
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The term “transgenic organism” does not: cover native nucleotide coding sequences in
their natural environment when they are under the coptrol of their native promoter which
1s also in ifs natural environment.

Therefore, the transgenic organism of the present invention includes an organism
comprising any one of, or combinations of, the nucleotide sequence coding for the
enzyme according to the present invention, constructs according to the present invention,

vectors according to the present invention, plasmids according to the present invention,

cells according to the present invention, tissues according to the present invention, or the
products thereof.

For example the transgenic organism may also comprise the nucleotide sequence coding
for the enzyme of the present invention under the control of a heterologous promoter.

TRANSFORMATION OF HOST CELLS/ORGANISM

As indicated earlier, the host organism can be a prokaryotic or a eukaryotic organism.
Examples of suitable prokaryotic hosts include E. coli and Bacillus subtilis.

Teachings on the transformation of prokaryotic hosts is well documented in the art, for
example see Sambrook ez al (Molecular Cloning: A Laboratory Manual, 2nd edition,
1989, Cold Spring Harbor Laboratory Press). If a prokaryotic host is used then the
nucleotide sequence may need to be suitably modified before transformation - such as

by removal of introns.

Filamentous fungi cells may be transformed using various methods known in the art —
such as a process involving protoplast formation and transformation of the protoplasts
followed by regeneration of the cell wall in a manner known. The use of Aspergillus
as a host microorganism is described in EP 0 238 023.

Another host organism can be a plant. A review of the general techniques used for
transforming plants may be found in articles by Potrykus (4rmu Rev Plant Physiol
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Plant Mol Biol [1991] 42:205-225) and Christon (Agro-Food-Industry Hi-Tech
March/April 1994 17-27). Further teachings on plant transformation may be found in
EP-A-0449375.

General teachings on the transformation of fungi, yeasts and plants are presented in

following sections.

TRANSFORMED FUNGUS

A host organism may be a fungns - such as a filamentous fungus. Examples of suitable
such hosts include any member belonging to the gepera Thermomyces, Acremonium,
Aspergillus, Penicillium, Mucor, Neurospora, Trichoderma and the like.

Teachings on transforming filamentous fungi are reviewed in US-A-5741665 which
states that standard techniques for transformation of filamentous fungi and culturing
the fungi are well known in the art. An extensive review of techniques as applied to N.
crassa is found, for example in Davis and de Serres, Methods Enzymol (1971) 17A:
79-143.

Further teachings on transforming filamentous fungi are reviewed in US-A-5674707.

In one aspect, the host organism can be of the genus Aspergillus, such as Aspergillus
niger.

A transgenic Aspergillus according to the present invention can also be prepared by
following, for example, the teachings of Tumer G. 1994 (Vectors for genetic
manipulation. In: Martinelli S.D., Kinghomn JR.( Editors) dspergillus: 50 years on.
Progress in industrial microbiology vol 29. Elsevier Amsterdam 1994. pp. 641;666).
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Gene expression in filamentous fungi has been reviewed in Punt ef al. (2002) Trends
Biotechnol 2002 May;20(5):200-6, Archer & Peberdy Crit Rev Biotechnol (1997)
17(4):273-306.

TRANSFORMED YEAST
In another embodiment, the transgenic organism can be a yeast.

A review of the principles of heterologous gene expression in yeast are provided in, for
example, Methods Mol Biol (1995), 49:341-54, and Curr Opin Biotechnol (1997)
Oct;8(5):554-60

In this regard, yeast — such as the species Saccharomyces cereviseae or Pichia pastoris
(see FEMS Microbiol Rev (2000 24(1):45-66), may be used as a vehicle for
heterologous gene expression.

A review of the principles of heterologous gene expression in Saccharomyces cerevisiae
and secretion of gene products is given by E Hinchcliffe E Kemny (1993, "Yeast as a
vehicle for the expressibn of heterologous genes”, Yeasts, Vol 5, Aothony H Rose and
J Stuart Harrison, eds, 2nd edifion, Academic Press Lid.).

For the transformation of yeast, several transformation protocols have been developed.
For example, a transgenic Saccharomyces according to the present invention can be
prepared by following the teachings of Hinnen et al., (1978, Proceedings of the National
Academy of Sciences of the USA 75, 1929); Beggs, J D (1978, Nature, London, 275,
104); and Ito, H ef al (1983, J Bacteriology 153, 163-168).

The transformed yeast cells may be selected using various selective markers — such as

axotrophic markers dominant antibiotic resistance markers.

TRANSFORMED PLANTS/PLANT CELLS
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A host organism suitable for the present invention may be a plant. A review of the
general techniques may be found in articles by Potrykus (drru Rev Plant Physiol Plant
Mol Biol [1991] 42:205-225) and Christou (Agro-Food-Industry Hi-Tech March/April
1994 17-27). :

CULTURING AND PRODUCTION

Host cells transformed with the nucleotide sequence of the present invention may be
cuttured under conditions conducive to the production of the encoded enzyme and
which facilitate recovery of the enzyme from the cells and/or culture medium.

The medium used to cultivate the cells may be any conventional medium suitable for

growing the host cell in questions and obtaining expression of the enzyme.

The protein produced by a recombinant cell may be displayed on the surface of the

cell.

The enzyme may be secreted from the host cells and may conveniently be recovered

from the culture medium using well-known proceciures.

SECRETION

Often, it is desirable for the eﬁzyme to be secreted from the expression host into the
culture medium from where the enzyme may be more easily recovered. According to
the present invention, the secretion leader sequence may be selected on the basis of the
desired expression host. Hybrid signal sequences may also be used with the context of

the present invention.

Typical examples of heterologous secretion leader sequences are those originating
from the fungal amyloglucosidase (AG) gene (glaA - both 18 and 24 amino acid
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versions e.g. from Aspergillus), the a-factor gene (yeasts e.g. Saccharomyces,
Khyyveromyces and Hanserula) or the a-amylase gene (Bacilhus).

By way of example, the secretion of heterologous proteins in E. colf is reviewed in '
Methods Enzymol (1990) 182:132-43.

DETECTION

A variety of protocols for detecting and measuring the expression of the amino acid
sequence are known in the art. Examples inchude enzyme-linked immunosorbent
assay (ELISA), radioimmunoassay (RIA) and fluorescent activated cell sorting
(FACS).

A wide variety of labels and conjugation techniques are known by those skilled in the

art and can be used in various nucleic and amino acid assays.

A pumber of companies such as Pharmacia Biotech (Piscataway, NJ), Promega
(Madison, WI), and US Biochemical Corp (Cleveland, OH) supply commercial kits

and protocols for these procedures.

Suitable reporter molecules or labels include those radionuclides, enzymes,
fluorescent, chemiluminescent, or chromogenic agents as well as substrates, cofactors,
inhibitors, magnetic particles and the like. Patents teaching the use of such labels
include US-A-3,817,837; US-A-3,850,752; US-A-3,939,350; US-A-3,996,345; US-A-
4,277,437; US-A-4,275,149 and US-A-4,366,241.

Also, recombinant immunoglobulins may be produced as shown in US-A-4,816,567.

FUSION PROTEINS

The amino acid sequence for use according to the present invention may be produced
as a fusion protein, for example to aid in extraction and purification. Examples of
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fusion protein partners include glutathione-S-transferase (GST), 6xHis, GALA (DNA
binding and/or transcriptional activation domains) and (B-galactosidase). It may also
be convenient to include a proteolytic cleavage site between the fusion protein partner
and the protein sequence of interest to allow removal of fusion protein sequences.

Preferably, the fusion protein will not hinder the activity of the protein sequence.

Gene fusion expression systems in E. coli have been reviewed in Curr Opin
Bioteclhnol (1995) 6(5):501-6.

In another embodiment of the invention, the amino acid sequence may be ligated to a
heterologous sequence to encode a fusion protein. For example, for screeping of
peptide libraries for agents capable of affecting the substance activity, it may be nseful
to encode a chimeric substance expressing a heterologous epitope that is recognised by
a commercially available antibody.

LARGE SCALE APPLICATION

In one preferred embodiment of the present invention, the amino acid sequence is used

for large scale applications.

Preferably the amino acid sequence is produced in a quantity of from 1g per litre to
about 2g per litre of the total cell culture volume afier cultivation of the host organism.

Preferably the amino acid sequence is produced in a quantity of from 100mg per litre
to about 900mg per litre of the total cell culture volume after cultivation of the host

organism.

Preferably the amino acid sequence is produced in a quantity of from 250mg per litre
to about 500mg per litre of the total cell culture volume after cultivation of the host

organism.
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FOOD

The composition of the present invention may be used as - or in the preparation of - a
food. Here, the term “food” is used in a broad sense — and covers food for bumans as
well as food for animals (i.e. a feed). In a preferred aspect, the food is for human

consumption.

The food may be in the form of a solution or as a solid — depending on the use and/or

the mode of application and/or the mode of administration.
FOOD INGREDIENT
The composition of the present invention may be used as a food ingredient.

As used herein the term “food ingredient” includes a formulation, which is or can be
added to functional foods or foodstuffs and includes formulations which can be used at
low levels in a wide variety of products that require, for example, acidifying or

emulsifying.

The food ingredient may be in the form of a solution or as a solid —~ depending on the
use and/er the mode of application and/or the mode of administration.

FOOD PRODUCTS

The composition of the present invention can be used in the preparation of food
products such as one or more of: confectionery products, dairy products, meat
products, poultry products, fish products and bakery products.

The present invention also provides a method of preparing a food or a food ingredient, the
method comprising admixing a lipolytic enzyme according to the present invention with
another food ingredient.
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Further preferable aspects are preéemd in the accompanying claims and in the
following Figures and examples.

Figure 1 shows PCR fragment SEQ ID No. 1, which is a partial non-enzyme encoding
polynucleotide; this sequence is a ribosomal 165 RNA gene widely used for

taxonomic comparisons;

Figure 2 shows PCR fragment SEQ ID No. 2, which is a partial non-enzyme encoding
polynucleotide; this sequence is a ribosomal 16S RNA gene widely used for

taxonomic comparisons;

Figure 3 shows a polynucleotide encoding a lipolytic enzyme according to the present
invention (SEQ ID No. 3);

Figure 4 shows an amino acid sequence of a lipolytic enzyme according to the present
invention (SEQ ID No. 4);

Figure 5 shows the structure of the lipolytic enzyme expression vectors pGTK(1.131)
and pET11(131-51); '

Figure 6 shows a graph of the effect of a lipolytic enzyme from Streptomyces sp. 1130
on digalactosyldiglyceride in dough;

Figure 7 shows in graphical form the effect of a lipolytic enzyme from Streptomyces
sp- 1131 on digalactosyldiglyceride in dough;

Figure 8 shows in graphical form the effect of a lipolytic enzyme from Streptomyces

" on triglyceride in dough;

Figure 9 shows the pH profile of the lipolytic enzyme obtained from Streptomyces sp.
1.131 on galactolipid substrate;
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Figure 10 shows a TLC plate of lipids extracted from dough treated with a Lpolytic
enzyme from Streptomyces expressed in E.coli labelled #236; Lane 1=§0ntrol;
Lane2=#236, 0.225PLU-7/g flour; Lane 3=#236, 0.45 PLU-7/g flour; Lane 4=#236,
0.675 PLU-7/g flour; Lane 5=DGDG reference material.

" Figure 11 shows the construction of expression vector pRX487 from pUC18(L131R)

and plJ48;

Figure 12 shows in graphical form the effect of temperature on stability and activity of
a lipolytic enzyme from Streptomyces sp L131;

Figure 13 shows in graphical form the substrate specificities of galactolipases from
Streptomyces sp Li31, Streptomyces avermitillis, Corynebacterium efficiens and
Thermobifida fusca;

Figure 14 shows the structure of an expression vector pCB5(TF) for expression of
Thermobifida fusca lipase in C. glutamicum;

Figure 15 shows a sequence alignment of L131 and homologues S. avermitilis and T.
Jusca;

Figure 16 shows a HPTLC plate of reaction products from enzyme treatment of crude
soya oil samples. Lane 1 = control, Lane 2 = 99% crude oil and 1% K371 10% in
water, Lane 3 = 98% crude oil and 2% K371 10% in water, Lane 4 = 97% crude oil
and 3% K371 10% in water, Lane 5 = 99.7% crude oil and 0.3% Lecitase Ultra™
#3108 1% in water, Lane 6 = 99% crude oil, 0.3% Lecitase Ultra™ #3108 1% in water
and 0.7% water. As reference phoshpatidylcholine (PC) is analysed; and

Figure 17 shows a HPTLC plate of reaction products from enzyme treatment of crude
soya oil samples. Lane 1 = control, Lane 2 = 99% crude oil and 1% K371 10% in
water, Lane 3 = 98% crude oil and 2% K371 10% in water, Lane 4 = 97% crude oil
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and 3% K371 10% in water, Lane 5 = 99.7% crude oil and 0.3% Lecitase Ulra™
#3108 1% in water, Lane 6 =99% crude oil, 0.3% Lecitase Ultra™ #3108 1% in water
and 0.7% water, together with reference lanes of cholesterol ester, monoglyceride,
diglyceride, triglyceride and plant sterol.

Example 1: Identification of a galactolipase producing bacterial strain.

Two microbial strains with a similar phenotype coded L130 and L131 were isolated
from soil collected in Southern Finland. The 165 RNA genes of these two strains were
amplified by standard PCR using oligonucleofide primers 5361
(CAGCMGCCGCGGTAATWC) and 1392r-primer (ACGGGCGGTGTGTRC). The
resulting PCR fragments were partially sequenced. SEQ ID No.s 1 and 2 are non-
enzyme encoding polynucleotides. These sequences are ribosomal 168 RNA genes
widely used for taxonomic comparisons. SEQ ID No. 1 and SEQ ID No. 2 were found
to have a high similarity. The sequences were then compared to the 16S RNA gene
sequences in GenBank. For both isolates the highest homology (97%) was observed
with the sequence of a 16S RNA gene from Streplomyces thermosacchari. Thus, the
strains were named Streptontyces sp. L130 and Streptomyces sp. L131.

Example 2: Preparation of lipolytic enzyme (galactolipase) samples from strains
Streptomyces sp. L130 and L131.

0.5 1 of LB medium was inoculated with Streptomyces 1.130 and cultivated on a rotary
shaker at 200 rpm and 30°C for 2 days. This culture was used as inoculum for al0l
fermentor containing the same medium. The cultivation was continued for 3 daysv at
30°C, 600 rpm stirring rate and 0.5 v/v acration. The fermentation broth was cleared
by centrifugation (15 min at 5000 rpm) and Triton X-100 was added to final
concentration of 0.1%. The solution was concentrated using Vivaflow 200
ultrafiltration cell (Vivascience AG, Hannover, Germany) to 300 ml. The concentrate
was dialysed against 10 1 of 20 mM Tris HCI buffer, pH 7 containing 2 mM CaCL and
2 mM MgCl, followed by dialysis against 0.5 1 ml of 85% glycerol. The resulting
preparations contained 90 U of galactolipase activity assay as defined above (GLU-7).



WO 2006/008653 PCT/IB2005/002602

10

15

- 20

25

30

74

The strain Streptomyces L131 was cultivated under the same conditions and its culture
broth was concentrated by the same procedure. The resulting galactolipase preparation
contained 70U of activity.

Example 3 — Baking experiments

The galactolipases from bacterial isolates 1130 and L131 indicated a high activity on
polar lipid substrates, galactolipids (DGDG) and phospholipids, (galactolipase and
phospholipase activity), equivalent to that of a Fusarium ‘oxysporum lipase (Lipopan
F™ Novozymes A/S Denmark): however the galactélipase from bacterial isolates
L130 and L131 (ie. the lipolytic enzyme according to the Apresent invention) were
found 1o have no significant activity of triglycerides. This contrasts sharply with the
activity Fusarium oxysporum lipase — LipopanFm. |

The lipolytic enzymes from bacterjal isolates L130 and L131 were prepared as
described in Example 2 and were analysed for characterisation of their activity on
glycolipids, phospholipids and triglycerides, both in standard assay conditions and
within a dough.

Small scale baking experiments and a model dough system. Both enzymes are very

active on galactolipids in flour.

Materials and methods.

Three samples of each enzyme were prepared as in Example 3. Each sample was
labelled as shown in table 1:
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Table 1
Organism 1 GLU-7 [PLU-7

180 [Streptomyces{Lipolytic enzyme 0,95 1,31
spp L 130 A 10,58PLU/mL

181 [Streptomy ipolytic enzyme 0,91 1,31
spp L 130 B |0,44PLU/mlL.

182 [Streptomyces|Lipolytic enzyme 1,21 1,53
spp L. 130 C |1,8PLU/mL.

183 |Streptomyces|Lipolytic enzyme 0,63 1,29
spp L 131 A 10,54PLU/mL.

184 Streptomyces{Lipolytic enzyme 0,84 1,16
ispp L 131 B [0,64PLU/mL.

185 |StreptomycesiLipolytic enzyme 1,35 1,17
[spp L 131 C [0,85PLU/mL.

i0

15

PCT/IB2005/602602

The phospholipase and galactolipase activity of the enzymes were assessed using the
phospholipase activity assay (PLU-7) and the galactolipase activity assay (GLU-7)
mentioned herein above.

Deough slurry experiment

0.8 gram Wheat flour was scaled in a 12 ml centrifuge tube with lid. 1.5 ml water
containing the enzyme was added. The sample was mixed on a Whirley and placed in
a heating cabinet at 30 °C for 60 minutes. 6 mi n-Butanol:Ethanol 9:1 was added, and
the sample was mixed again until the flour was finely distributed in the solvent. The
tubes were the placed in a water bath at 95°C for 10 minutes. Then mixed again and
placed on a rotation device 45 rpm, for 45 minutes.

The sample was then centrifuged at 2000 g for 10 minutes. And 2 ml supernatant was
transferred to a 10 ml dram glass. The solvent was evaporated at 70 °C under a steam
of nitrogen.
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The isolated lipids are analysed by GLC.

Gas Chromatography

Perkin Elmer 8420 Capillary Gas Chromatography equipped with WCOT fused silica
column 12.5 m x 0.25 mm ID x 0.1 pm 5%phenyl-methyl-silicone (CP Sil 8 CB from
Crompack).

Carrier: Helivm.

Injection: 1.5 pL with split.

Detector: FID. 385 °C.

Oven program: 1 2 3 4
Oven temperature [°C] 80 200 240 360
Isothemnal, time [min] 2 0 0 10

Temperature rate [°C/min] 20 10 12

Sample preparation: Lipid extrécted from 0,2 gram flour was dissolved in 2 mL
heptane: pyridine 2:1 containing an internal standard heptadecane, 2 mg/mL. 500 pl.
of the sample was transferred to a crimp vial. 100 ul. MSTFA (N-Methyl-N-
trimethylsilyl-trifluoracetamid) was added and the reaction incubated for 15 minutes at
90°C.

Calculation: Response factors for monoglycerides, diglycerides, triglycerides, free
fatty acid and galactolipids were determined from reference mixtures of these
components. Based on these response factors the lipids in the dough were calculated.

Results.

The samples of enzyme from Streptomyces were analyzed for phospholipase and
galactolibase activity with results shown in table 2. The activity ratio PLU-7/GLU-7
was also calculated. The mean ratio for the samples was 1.4 , but with some deviation
in some of the samples, which might be explained by analytical deviations.
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Table 2
Sample ID Organism [GLU-7  [PLU-7 _[Ratio PLU-7/GLU-7
180 L130A 0,95 131 |14
181 1308 0,91 131 |14 5
182 L130C 1,21 153 (1,3
183 L131A .63 129 R0
184 L131B 0,84 L6 |14
185 L131C  [1,35 L1709 .

U

Dough experiment.

The activity of the enzyme on wheat lipids was tested in the dough shury experiment
as mentioned under materials and Methods. The isolated lipids from the dough were
analysed by GLC as shown in table 3

Table 3. GLC analysis of dough lipids (% based on flour weight). FFA= free fatty
acids. MGMG=monogalactosylmonoglyceridle. =~ DGMG=digalactosyldiglyceride.
MGDG=monogalactosyldiglyceride. DGDG=digalactosyldiglyceride. TRI=
triglyceride. ’

Enzyme
Sample [dosage
PLU/g
D flour FFA  MGMG DGMG MGDG DGDG[TRI

185 0,105 0,1642 [0,0042 0,0380 [0,0345 [0,1520{0,5515

185 0,263 0,1687 10,0130 0,0670 10,0239 0,09410,5470

185 0,526 0,2096 10,0121 0,0664 (0,0158 [0,06170,5460

185 1,05 0,2597 10,0036 0,0546 10,0068 0,0303{0,5301

182 0,097 0,1542 10,0051 0,0563 [0,0313 0,1148{0,5475

182 0,244 0,1687 {0,0159 0,0785 (0,0200 [0,0566(0,5280
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182 0,488 - 10,2095 (0,0055 0,0646 10,0098 [0,021910,5418

182 0,976 0,2581 10,0092 0,0439 {0,0043 0,0045[0,5579

Control [0 0,1529 [0,0006 0,0188 10,0440 [0,1443[0,5054
Lipopan
1 1,47 0,23 0,03 0,10 0,01 0,07 (0,44

The resulis from table 3 and table 4 confirm that the enzymes isolated in the
supernatant from fermentation of Streptomyces sp L130 and L131 are very active on
galactolipids in a dough. The diesters DGDG and MGDG are hydrolyzed to the
corresponding monoesters DGMG and MGMG. The results are also illustrated
graphically in Figures 6 and 7. These results confirm that both enzymes are very active
at low dosage 0-0.2 Units/g flour and corresponding amount of monoester is produced.
At higher dosage 0,4-1 Units/gram flour DGDG is further degraded but also some
hydrolysis of the monoesters are observed. This may indicate the enzymes are not
specific to the position of the fatty acid in the galactolipid molecule.

The activity of the enzymes on triglyceride, as illustrated in Figure 8, is almost not
existent. It is therefore concluded that the enzymes tested have no significant effect on
triglyceride. This is also in agreement with some experiments conducted on tributyrin

as substrate, where no activity was observed.

SUMMARY

A lipolytic eniyme was isolated in the supernatant from fermentation of Streptomyces
sp. '

The lipolytic enzyme was found to have both phospholipase and galactolipase activity,
but no significant activity on triglycerides. The ratio of phospholipase: galactolipase
activity was approx. 1.4 for the samples tested.
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Dough slurry experiments confirms that the enzymes were active on galactolipids in
the flour. The enzymes were active in dough at a very low dosage 0-0.2 Units/g flour.

‘Commercial phospholipases like Lipopan F™ (Novozymes A/S, Denmark) need to be

dosed in 3-4 times higher dosage in order to obtain the same effect on galactolipids.
The dongh shurry experiments also confirmed that the enzymes from Streptomyces sp.
had no measurable activity on triglycerides.

Example 4: Cloning of the lipolytic enzyme gene from Streptonyces sp. L131.

The chromosomal DNA was isolated from Streptomyces sp. L131 using a modification
of a standard method. Bacteria were grown on a rotary shaker in LB medium at 30°C
and high aeration (100 ml of medfum per 0.5] baffled flask, 200 rpm) to early
stationpary phase. From 500 ml bacterial culture cells were collected with
centrifugation and washed once with lysis buffer (550 mM glucose, 100 mM Tris, 2
mM EDTA, pH 8.0).

Cell pellet was re-suspended in 10 ml of lysis buffer and lysozyme was added to 1
mg/ml. Cells were incubated at 37°C for at least 15 min. The progress of lysozyme
digestion was followed by transferring aliquots of bacterial suspension into 1% SDS
solution and measnring the absorption of the resulting mixture at 600 nm. The amount
of Iysozyme and incubation time were adjusted so that at least 70-90% of all cells were
lysed as evidenced by the decrease in Agw. At this point of time, SDS was added to
the bacterial suspension to 1% and proteinase K to 0.1 mg/ml. The suspension was
incubated at 56°C for 30 min followed by extractions with phenol and chloroform.
After chioroform extraction, DNA was precipitéted with sodinm acetate (0.5M final
concentration) and isopropano! (0.6 vol/vol) and the DNA pellet was washed with 70%
eﬂxa_mol_, dried in vacuum and dissolved in TE buffer (10 mM Tris, 1 mM EDTA)
containing RNAse A (0.01 mg/ml).

The DNA was partially digested with restricion endonuclease Sau3A and the
hydrolysates fractionated on a 0.8% agarose gel. The 3-10 kb fraction of the Sau3A
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was isolated from agarose gels by electroelution. This DNA preparation was used to
construct a gene library using Stratagene’s (LaJolla, USA) ZAP Express/Predigested
Vector/Gigapack Cloning Kit (product #239615). Ligation, packaging, amplification
of library and its conversion to the phagemid form were carried out according to the
protocols provided by Stratagene. Plasmid form of the resulting gene library was
screencd on indicator plates prepared as follows. 80 ml of sterile LB agar containing
25 mg/! of kanamycin was placed into each 15 cm Petri dish and allowed to solidify.
Subsequently, 10 ml top agar layer was added containing 0.5% DGDG and 0.0005%
Safranine O. The gene library was plated at a density of approximately 5000 colonies
per 15 cm plate. The plates were incubated at 37°C for 24 h followed by a four-day
incubation at room temperature. A clone forming red halo on indicator plate was
selected from the library and purified by cloning on a new indicator plate.

The plasmid isolated from this clone (named pBK(IL131) ) was used to re-transform E.
coli strain X1.1-Blue MRF’ to kanamycin resistance. All such transformants displayed
galactolipase-positive phenotype. pBK(L131) contained an approximately 7.5 kb
msert. This insert was sequenced. One sequenced region (SEQ ID No. 3) was found
to contain an open reading frame encoding a protein (SEQ ID No. 4) showing

. homology to a known lipasé from Streptomyces rimosus. This lipase, a member of so-

called GDSX family of lipases/esterases/acyl transferases is only known to be able to
hydrolyse neutral lipids and artificial lipase substrates.

A series of deletions and sub-clones of the original insert were constructed and tested
for galactolipase activity. Tt was found that a deletion derivative carrying 3 kb EcoRI
— Sacl fragment of the original insert still retains full DGDGse activity. This data
correlated well with the results of partial DNA. One area demonstrated homology to
known lipases. This area was subsequently sequenced completely. Comparison of
this sequence with the GenBank revealed that the closest homologue (58.5%) of the
L131 galactolipase that has been biochemically characterised is a lipase from S.
rimosus, and identified as a lipid:acyl transferase in WOQ04/064987 and
WO004/064537.
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Expression of L131 galactolipase in E. coli,

The standard pET-system, in which the gene is under comtrol of the T7 phage
promoter, was used in to express the L131 galactolipase in E. coli.

Expression of L131 galactolipase in Streptomyces Lvidans.

The shuttle vector pRX487-5 (Figure 11) (derived from pIJ4987: Kieser T. et al

Practical Streptomyces genctics. ‘The John Innes Four;dation, Crowes, Norwich,

England (2000)) used for expression of L131 galactolipase in S. lividans combines E.
coli plasmid pUC]18 and the S. lividans plasmid 1J487. In pRX487-5, the Jac promoter
of pUC18 is placed upstream of promoter-less kanamycin phosphotransferase gene of
pli487. Indeed, the plasmid transformed E. coli not only to ampicillin but also to at
Jeast a Jow level (5 mg/l) of kanamycin resistance. The vector contains unmodified
EcoRI-Xbal fragment of the chromosomal DNA of S. thermosacchari comprising the
complete coding sequence of the galactolipase gene, about 160 bp of upstream non-
coding sequence and 420 bp of downstream non-coding sequence. All transformants
displayed similar levels of galactolipase activity as judged by the halo formation on
indicator plates. Similarly, when S. lividans carrying pRX487-5 was cultivated at 10 1
level and the resulting culture was cloned on indicator plates, all clones appeared to
produce equal amounts of galactolipase activity. In small shake-flask cultures
inoculated by vegetative cells directly from plates, the transformants typically
produced about 10-20 mU/m] of galactolipase activity after 3 days of cultivation.
When shake-flask cultures were inoculated with spores of the recombinant S.
Ivividans, higher galactolipase activities were measured (about 30 mU/ml), correlating
with higher biomass accumulation. In an experiment where S. lividans camying
pRX487-5 was grown in fermentor under high aeration conditions and fed-batch mode
(see material and metbods for details) biomass accumulation reached 170 g/ (wet -
weight). Accordingly, much higher galactolipase activity — about 1U/ml was detected.
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Biocilemical properties of L131.

Some biochemical properties of L131 were tested. The pH optimum of the enzyme
was found to be around 6.5-7.5 (Figure 9). The enzyme exhibifed maximum activity
towards DGDG at a temperature ~50°C. Above this temperature inactivation occurred,
but not sharply, and after 20 min incubation in 90°C, ~10% of residual activity was
detected (Figure 12).

Example 5: Expression of Streptomyces 1131 lipolytic enzyme according to the

present invention gene in E.coli

The open reading frame of pBK(L131) encoding presumptive lipolytic enzyme

according to the present invention was amplified by PCR using primers olL131-5
(GGTGAATTCATGAGATTGACCCGATCCCTGTCGG, sense primer) and oL131-3
(ACTTCTAGAGCGGCGCCACCGTGACGTACA, anti-sense primer). The amplified
DNA. fragment was digested with EcoRI and Xbal and cloned into a B. subtilis ~ E.
coli shuttle vector pGTK44. This vector has been constructed by substituting the Sall-
EcoR1 fragment of plasmid pGTK44 (Povelainen et al., Biochem J. 371, 191-197
(2003)) containing degQ36 promoter with EcoRI-Sall fragment of pGT44 (Kerovuo J.
et al. Biotechnology Letters 22, 1311-1317 (2000)).

Galactolipase activity was detected in E. coli transformed with the resulting plasmid
pGTK44(L131) (Figure 5) using indicator plates. Control transformants (containing
parent plasmid pGTK44) were galactolipase-pegative. Thus, protein sequence
represented by SEQ ID No 4 indeed possesses galactolipase activity. The same pair of
primers amplified a fragment of the same size (by agarose gel electropboresis) with
chromosomal DNA of Streptomyces sp. L130 further confimning earlier observations
about close similarity of the two isolated strains and thetr galactolipase genes.:

For expression in E.coli under control of the T7 phage promoter, the deduced
galactolipase coding region was amplified by PCR using chromosomal DNA of the
Streptomyces sp. L131 as template and the two oligonuclotide primers (oL131-51
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GGTCATGCTAGCATGAGATTGACCCGATCCCTGTCGG .  and oL131-31
GCATGGATCCGCGGCGCCACCGTGACGTACA). The PCR product was
digested with Nhel and BamHl and ligated with pET11a (Novagen, USA) vector
digested with the same restriction endonucleases. The ligation mixture was used to
transform the E.coli strain XIL-Bluel MRF’ and 12 different plasmid clones with
restriction patterns corresponding to the structure of pET11(131-51) (Fig. 4) were
isolated. Each plasmid clone was used to separately transform the E.coli stram
BL21(DE3) and the resulting transformants were grown on LB-ampicilin containing
galactolipase activity indicator layer (Bxaniple 4). Most clones did express active
galactolipase. One clone (pET11(131-51)-12) was selected as a source of recombinant
galactolipase for subsequent characterisation.

The enzyme expressed in E. coli (labelled #236) was analysed and found to have: 0.33
GLU/ml and 0.36 PLU/ml, when analysed using the GLU-7 assay and PLU-7 assay
taught herein.

In liquid culture E.coli BL21(DE3) expressed about 2 mU/ml of galactolipase activity
afier 40 h cultivation in LB-ampicillin broth (37°C, 200 rpm shaking). Essentially all
of the activity was found in the culture broth. No galactolipase activity was detected
in E.coli BL21(DE3) transformed with pET11a (Novagen, USA) and cultivated under

the same conditions.

About four litres of galactolipase-containing culture broth culture was concentrated on
a rotary evaporator to about 300 ml and dialysed against 15 1 of 20 mM Tris HCl
buffer, pH 7 containing 2 mM CaCl; and 2 mM MgCl, The dialysed material was
again concentrated on a rotary evaporator to about 30 ml and dialysed against 2 1 of
50% glycerol. The resulting preparation (18 ml) contained about 100mU/ml of

galactolipase activity.

The enzyme expressed in E coli (labelled #236) was also tested in dough. High
activity on galactolipids was observed in dough as can be seen from Figure 10, which
shows a TLC plate.
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Example 6: Expression of theA]ipolytic enzyme according to the present invention
gene from Streptomyces sp. L131 in different hosts.

Construction of the vector pGTK44(L131) has been outlined in the Example 5.
Besides E. coli, this vector can be used to produce Streptomyces L131 lipolytic
enzyme according to the present invention in Bacillus. Using this vector is only one of
many possible ways to express the L131 Iipolytic enzyme according to the present
invention in Bacillus. For example, the pst promoter employed in pGTK44(L131)
may be replaced by any other strong constifutive or regulated promoter active in
Bacillus. Many such promoters are known in the art. For example, degQ36 promoter
(Yang M et al. J. Bacteriol. 166, 113-119 (1986)), cdd promoter, also known as p43
(Wang PZ, Doi RH. J. Biol. Chem. 259, 8619-8625 (1984), amylase or neutral
protease promoters etc. In addition to pGTK44(L131) and other Bacillus vectors
based on pTZ12 replicon (Aoki T. et al., Mol. Gen. Genet. 208, 348-352 (1987)) any
other plasmid vector (e.g pUB110, Gryczan TJ et al. J. Bacteriol. 134, 318-29 (1978)

and its derivatives) can be used.

Other preferred hosts for expression of the Streptomyces L131 lipolytic enzyme
according to the .present invention gene are high-GC' Gram positive bacteria, in
particular, Streptomyces, (for example, S. lividans, S. coelicolor, S. griseus, S.
natalensis, S. rubiginosus, S. olivaceus, S. olivochromogenes, §. violaceoruber), In
such hosts, the lipolytic enzyme according to the present invention gene can be
introduced under its own promoter on a multi-copy vector (e.g. using plJ110
derivatives such as pIJ486, Ward et al. Mol. Gen. Genet. 203, 468-478 (1986) ) or
placed under control of a strong Streptomyces promoter, for example ermE* (Schmiit-
John T, Engels JW. Appl. Microbiol. Biotechnol. 36, 493-498 (1992)) or thiostreptone-
inducinbe fipA promoter (Kieser T et al. in Practical Streptomyces Genetics, p. 386,
The John Innes Foundation, Norwich UK (2000)).
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In addition to prokaryotic hosts, 1.131 lipolytic enzyme gene may be expressed in one
of the many suitable fungal species. In particular, yeasts such as Saccharomyces

cerevisiae, Schizosaccharomyces pombe, Pichia pastoris, Hansenula polymorpha are

suitable. In yeast, the lipolytic enzyme gene may be placed under control of any of the
known strong yeast promoters, such glycolytic promoters (PGK, GDH, ENO etc)
phosphate starvation induced promoters such as PHOS5, the promoters of

~ ethanol/methanol metabolism such as ADHI promoter in S.cerevisiae or methanol-

inducible promoters in H. polymorpha or P. pastoris.

When expreséing the lipolytic enzyme gene in any host, construction of a synthetic or
semi-synthetic gene encoding the sequence of SEQ ID 4 would be advantageous.
Likewise, partly or completely synthetic genes may be designed based on sequences
available through homology searches in silico as explained in Example 4. Such
sequences, may incorporate a number of useful features that are absent in wild-type
lipolytic enzyme genes. For, example, the codon bias can be corrected to better
correspond codon preferences of the expression hosts. One special case of codon bias
correction useful for all hosts is to convert the GTG initiation codon of SEQ ID No 3
into ATG. Another typical modification obvious for a man skilled in the art is to
exchange the native Streptomyces signal sequence of the L131 lipolytic enzyme with a
signal sequence native to or known to be functional in the chosen expression host.

Previons examples of useful expression systems for L131 lipolytic enzyme focused on
using plasmid vectors for the introduction of the lipolytic enzyme gene into the
expression host. This is indeed the preferred mode to implement current invention.
However, an altemative approach of integrating the expression cassette (including
promoter, lipolytic enzyme gene coding region and an optional transcription
terminator) ioto a chromosome is also feasible. In particular, multi-copy integration of

the expression cassette into the host chromosome would be efficient.

The recombinant hosts expressing the lipolytic enzyme gene can be, advantageously,
mutated to reduce the level of protease activity in the culture broth. The cultivation of
any of such recombinant hosts can be carried out in the presence of compounds



WO 2006/008653 ) PCT/IB2005/002602

10

15

20

25

30

86

stabilising the enzyme. Such compounds may be various proteins (e.g. casein, peptone
of serum albumin) or different lLipids, lysolipids or detergents (e.g. galactolipids,
mono- and diacylglycerols or Triton X~100).

Example 7 Acyl-transferase activity of Streptomyces L131 lipolytic enzyme and its

derfvatives

Some lipases may also i)ossess acyl-transferase activity. In particular, some members
of the GDSX family, for example, Aeromonas hydrophila acyliransferase (P10480)
(taught in copending International Application No. PCT/IB2004/000655) have high
acyl-transferase activity. Thus, Streptomyces 1131 lipolytic enzyme may be predicted
1o have also the acyl-transferase activity as well. This activity can be further enhanced
through random mutagenesis /directed evolution. Moreover, since 4. /iydrophila acyl-
transferase and Streptomyces 1131 lipolytic enzyme share the same. overall protein
fold, combining the substrate specificity of Streptomyces L131 lipolytic enzyme with
bigh transferase efficiency of the Aeromonas enzyme is possible. This combination
may be achieved through the known techniques of targeted mutagenesis/protein design
or by gene shuffling.

Example 8 Identification of alterpative lipolytic enzymes from other Strepromyces
species.

The GDSX family of esterase’s (Upton C, Buckley JT. Trends Biochem. Sic. 20, 178-
179 (1995), pfam00657.11) is a group of esterases / lipases /acyl transferases sharing a
specific sequence motif around the active site serine (GDSX where Xisa hydrophobic
amino acid residue). This group of enzymes is also known as lipase family Il (Arpigny
JL, Jaeger K-B. Biochem. J. 343, 177-183 (1999)). Although this family includes
many different types of esterases, lipases and acyl-transferases, the lipolytic enzyme
according to the present invention is 2 GDSX enzyme.
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Thus, the sequences taught in the present invention of the Streptomyces sp. L131
lipolytic enzyme (galactolipase) can be used in silico to identify other galactolipases
from other species of Streptomyces.

To determine if a protein has the GDSX motif according to the present invention, the
sequence is preferably compared with the hidden markov model profiles (HMM
profiles) of the pfam database.

Pfam is a database of protein domain families. Pfam contains curated multiple
sequence alignments for each family as well as profile hidden Markov models (profile
HMMs) for identifying these domains in new sequences. An introduction to Pfam can
be found in Bateman A ef al. (2002) Nucleic Acids Res. 30; 276-280. Hidden Markov
models are used in a number of databases that aim at classifying proteins, for review
see Bateman A and Haft DH (2002) Brief Bioinform 3; 236-245.

hitp://www.ncbi.nlm.nih.gov/entrez/query.fepi?cmd=Retrieve&db=PubMed&list uids
=12230032& dopt=Abstract

http//www.ncbinlm.nibh.gov/entrez/query.fegi?ecmd=Retrieve&db=PubMed&list_uids
=11752314&dopt=Abstract

~ For a detailed explanation of hidden Markov models and how they are applied in the

Pfam database see Durbin R, Eddy S, and Krogh A (1998) Biological sequence
analysis; probabilistic models of proteins and nucleic acids. Cambridge University
Press, ISBN 0-521-62041-4. The Hammer software package can be obtained from
Washington University, St Louis, USA.

Alternatively, the GDSX motif can be identified using the Hammer software package,
the instructions are provided in Durbin R, Eddy S, and Krogh A (1998) Biological
sequence analysis; probabilistié models of proteins and nucleic acids. Cambridge
University Press, ISBN 0-521-62041~4 and the references therein, and the HMMER2
profile provided within this specification.
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The PFAM database can be accessed, for example, through several servers which are -
currently located at the following websites.
http’J/www.sanoer.ac.uk/Soﬁware/Pfam/'mdex,slmhl

hﬂp://pfam.wust].e&u/

http://pfam.jouy.inra fr/

http//pfam.cgb.ki.se/

The database offers a search facility where one can enter a protein sequence. Using the
default parameters. of the database the protein sequence will then be analysed for the
presence of Pfam domains. The GDSX domain is an established domain in the
database and as such its presence in any query sequence will be recognised. The
database will return the alignment of the Pfam00657 consensus sequence to the query

sequernce.

for use in the compositions/methods of the invention have at least one, preferably
more than one, preferably more than two, of the following, a GDSx block, a GANDY
block, a BHPT block. Suitably, the lipolytic enzyme may have a GDSx block and a
GANDY block. Alternatively, the enzyme may have a GDSx block and a HPT block.
Preferably the enzyme comprises at least a GDSx block.

The pfam00657 GDSX domain is a unique identifier which distinguishes proteins

possessing this domain from other enzymes.

In addition or as an altemnative thereto, alternative lipolytic enzymes from other
Streptomyces species can be identified by conducting a sequence identity comparison
and/or hybridisation with one or more of the PCR sequence fragments shown as SEQ ID
No. 1 or SEQ ID No. 2. Suitably, the comparisons may be carried out with fragments
comprising over 15 nucleotides of SEQ ID No. 1 or SEQ ID No. 2, preferably with
fragments comprising over 20 nucleotides of SEQ ID No. 1 or SEQ ID No. 2. Suitably,
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the complete sequences shown as SEQ ID No. 1 or SEQ ID No. 2 could be used.
Preferably, the hybridisation is carried out at high or very high stringency conditions.
Nucleotide sequences having at least 80%, preferably at least 85%, at least 90%, at least
95%, at least 97%, at least 98% or at least 99% identity to SEQ ID No. 1 or SEQ ID No. 2
indicate strains of Streptomyces which may be sources of the lipolytic enzyme, i.e. the
galactolipase, according to the present invention.

Example 9: Identification of galactolipases for use in the methods and uses of the present
application ’

As mentioned above, the sequence of the novel Streptomyces thermosacchari L131
offers for the possibility for in silico identification of new family IT galactolipases. In
this regard, one particular region which may be of particular interest is the GDSX
motif.

The GDSX motif is comprised of four conserved amino acids. Preferably, the serine
within the motif is a 6atalytic serine of the lipid acyltransferase enzyme. Suitably, the
serine of the GDSX motif may be in a position corresponding to Ser-16 in deromonas
hydrophila lipolytic enzyme taught in Brumlik & Buckley (Journal of Bacteriology
Apr. 1996, Vol. 178, No. 7, p 2060-2064).

To determine if a protein has the GDSX motif, the sequence is preferably compared
with the hidden markov model profiles (HMM profiles) of the pfam database. As
mentioned in Example 8, pfam is a database of protein domain families. Thus, the

pfam database may also be used to identify suitable enzymes from genera other than

Streptomyces.

Alternatively, the GDSX motif can be identified using the Hammer software package,
the instructions are provided in Durbin R, Eddy S, and Krogh A (1998) Biological
sequence analysis; probabilistic models of proteins and nucleic acids. Cambridge
University Press, ISBN 0-521-62041-4 and the references therein, and the HMMER2
profile provided within this specification.



WO 2006/008653 PCT/IB20053/002602

10

15

20

25

30

Preferably, the lipolytic enzyme in accordance with the present invention comprises

- the GDSX motif.

When aligned to either the pfam Pfam00657 consensus sequence (as described in
WO004/064987) and/ or the L131 sequence herein disclosed (SEQ ID No 4)

i) The galactolipase/lipid acyl-transferase enzyme enzyme of the invention, or for
use in methods of the invenotion, has preferably a GDSx motif, more
preferably a GDSY motif '

and/or

i) The galactolipase/lipid acyl-ransferase enzyme enzyme of the invention, or for
use in methods of the invention, has preferably a GANDY block, more
preferably a GANDY block comprising amino GGNDx, more preferably
GGNDA or GGNDL. ‘

and/or

iii) The enzyme of the invention, or for use in methods of the inventioh; has
preferable an HTP block.

and preferably

iv) The galactolipase/lipid acyl-transferase enzyme of the invention, or for use in
methods of the invention, has preferably a GDSY motif and a GANDY
block comprising amino GGNDx, preferably GGNDA or GGNDL, and a
HTP block (conserved histadine).

In this regard, the inventors identified a homologous sequence to Streptomyces 1131
which did not comprise a GDSX motif: namely Novosphingobium aromaticivorans (NAL)
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Novosphingobium\aromaticivorans\ GDSx 284 aa

SEQ ID No. 10

£P 00094165

/

1 mgqvkifarr capvilalag lapaatvare aplaegaryv algssfaagp gvgpnapgsp
61 ercgrgtiny philagalki divdatcsga tthhvigpwn evppgidsvn gdirvtiti
121 ggndvsfvgn.ifaaacekma spdprogkwr eiteeewqad eermrsivrq tharaplarv
181 vwvdyitvip psgtcaamai spdrlagsrs aakrlarita rvareegas! Ikfshisith .
241 hpcsakpwsn glsapaddgi pvhpnrigha eaaaalvkiv kimk

SEQID No. 11
1 tgceggaact caageagegt ctageegaac teatgececga aagegegtag cactatceeg

n"

61 aagaccaggt ctcggacgee agegagegece tgatggeege cgaaatcacy cgegaacage
121 tctacegeca getecacgac gagetgecct atgacagtac cgtacgtece gagaagtace
181 fccategeaa ggacggttcg ategagatee accageagat cgigattgee cgegagacac
241 agcgtecgat cgtgetggge aagggiggeg cgaagatcaa ggegatcgga gaggeegeas
301 gcaaggaact ticgeaatig ctegacacca aggtgceacct gtteetgeat gtgaagateg

381 acgagcgcelg ggecgacgee aaggaaatct acgaggaaat cggectcgaa tgggtcaagt
421 gaagcicttc gegegecget gegeeccagt actictegee ctigeeggge tggetcegge

481 ggctacggic gegegggaag caccgelgge cgaaggegeg cgttacgtly cgelgggaag
541 clecttegee geaggicegg gegtggggee caacgegecee ggatcgeceg aacgetgeag
601 ccgggycacg cteaactace cgeacetget cgeegaggeg ctcaageteg atctegtega
661 tgcgacclge ageggegega cgacceacea cgigetggge cectggaacy aggttcecee
721 fcagatcgac agegtgaaty gegacacceyg cctcgtcace ctgaccatcg geggaaacga
781 tgtgicgtic gtcggcaaca tettegecgce cgeligegag aagatggegt cgecegatee

841 gegeigegge aagtggeggg agatcaccga ggaagagtgg caggecgacy aggageggat
901 gcgctecaic gtacgecaga tecacgeceeg cacgeclctc geceggatag tagtggtega
951 ttacatcacg gtcctgeege catcaggeac ttgegetgec atggegattt cgecggaceg
1021 getggceeag agecgeageg cogegaaacyg geltgocegg attaccgeac gggtegegeg
1081 agaagaggogt geategetge tcaagtictc geatateteg cgecageace atecatgetc
1141 tgcecaageee tggageaacy gectiteege ceccggecgac gacggeatee cggtecatee
1201 gaaccggele ggacatgetg aageggeage ggegetggic aagctigtga aatigalgaa
1261 gtagctacig cactgattic aaatagtatt geclgtcage titecagece ggattgtige

1321 agcgcaacag aaaciigtce gaatggatt gatggtitat gicgetcgea aatigceglc
1381 gaagggaacy ggegegtege tegttaacgt cotggatgea geagigacgg agegegtgga
1441 tgagtyatac tggcggtgtc atcggtgtac gegecgecat tecealgect gtacgegeeg

This enzyme comprises the sequence “GSSF” as opposed to GDSX.

When tested it was found that this enzyme does not comprise glycolipase activity in

accordance with the present invention.

Therefore, the GDSx motif may be important when attempting to identify other

suitable galactolipases.
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Notably, the enzyme from S. rimosus that has been purified and characterised
biochemically and shows about 56% sequence homology to Strepfomyces L131
(Abramié M., et al. (1999); Vujaklija D. et al. (2002)) is known to hydrolyse neutral
lipids such as t;ioléin or nitrophenyl esters of faity. The enzyme from §. rimosus may
also hydrolyse galactolipase in accordance with the present invention. Similarly, two
other Streptomyces species for which genome sequence data is available — S
coelicolor A2(3) and S. avermitilis may contain enzymes having galactolipase activity,
for example (NP_625998 and NP_827753) are currently annotated in GenBank as
“putative secreted hydrolases™ ."

Many other useful homolognes of Streptomyces 1131 galactolipase can be identified
by a similar approach. Suitable galactolipase/lipid acyl-transferase enzyme enzymes
for use in the methods of the invention may be identified by alignment to the L131
sequence using Align X, the Clustal W pairwise alignment algorithm of VectorNTI
using default settings.

Altemnatively, suitable galactolipase for use in the methods of the invention may be
identified by alignment to the pfam Pfam00657 consensus sequence (as described in
W004/064987).

Figure 15 shows an sequence alignment of the L131 and homologues from
S.avermitilis and T fusca. Figure 15 illustrates the conservation of the GDSx motif
(GDSY in L131 and S.avermitilis and T.fusca), the GANDY box, which is éither
GGNDA or GGNDL, and the HPT block (considered to be the conserved catalytic
histadine). These three conserved blocks are highlighted in Figure 15.

When aligned to either the pfam Pfam00657 consensus sequence (as described in
WO04/064987) and/ or the L131 sequence herein disclosed (SEQ ID No 4) it is
possible to identify three conserved regions, the GDSx block, the GANDY block and
the HTP block (see WO04/064987 for further detrils).



WO 2006/008653 PCT/1B2005/002602

10

15

20

30

93

Example 10: Gene cloning and construction of expression vectors

Corynebacterium efficiens DSM 44549, Thermobifida fusca DSM 43792 and
Streptomyces avermitilis DSM46492 were used for isolating the genes homologous to
the galactolipase gene of S. thermosacchariL131.

The strains accorded with 2 DSM number are deposited and publically available with
Deutsche Sammlung von Mikroorganismen und Zellkulturen GmbH (DSM).

Escherichia coli strains XL-Blue MRF’, BL21(DE3) (Novagen) and S17-1 (Simon R.
et al, 1983), Bacillus subtilis BD170, Streptomyces lividans strain 1326 (John nnes
Centre), Corynebacterium glutamicum DSM20300 were used as the hosts for
heterologous expression. The strain of deromonas salmonicida (DSM 12609) was also

used as an expression host.

S. thermosacchari 1131, Citrobacter freundii P3-42 and Enterobacter nimipressuralis

P1-60 were isolated in our laboratory from natural environment and taxonomically

identified by 16S rRNA gene sequencing.

The following culture media were used in this study. LB (5 g/l yeast extract, 10 g/l -

tryptone, 10 g/l NaCl, pH 7.0), 2xYT (10g/1 NaCl, 10g/1 yeast extract, 16 g/l tryptone)
were used for cultivation of E.coli and other Gram-negative bacteria. Nutrient broth (3
g/l beef extract, 5 gfl peptone, pH 7.0) was used for growing C. efficiens and N.
aromaticivorans, YM-broth (3 g/l yeast extract, 3 g/l malt extract, 5 g/l peptone, 10 g/l
dextrose, pH 7.0) was used for énltivation of S. avermitilis, Medium 65 (4 g/l glucose,
4 g/l tryptone, 10 g/l malt extract, 2 g/l CaCOs3, pH 72) was used for 7. fusca.

DNA isolation.

Standard alkaline lysis procedure combined with Qiagen column purification method

was used for plasmid isolation. Omne exception was the preparative isolation of
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~ plasmid DNA from Streptomyces. In this case, equilibrium centrifugation in CsCl

gradient was used as the final purification step.
Methods for introduction of DNA into micrebial strains.

Both E. coli and C. glutamicum strains were transformed by electroporation using 1
mm cuvettes and the following electroporation parameter settings: 1800V, 25°F, 200
wl B. subtilis BD170 was transformed by “Paris” method based on natural competence
(Harwood CR. and Cutting S.M., 1990). Streptomyces lividans was transformed by
protoplast method (Kieser T. et al. , 2000). DNA was introduced into 4. salmonicida
by conjugation with E. coli using filter mating method of Hax;ayama et al. (1980).

Construction of rifampicin-resistant mutant of A. salmonicida.
About 10® cells from overnight culture of A. salmonicida DSM12609 were plated on a

series of LB agar plates containing 5-30 mg/l rifampicin. The plates were irradiated by
short wave UV light using SpectroLinker XI1.-1500 device (Spectronics Corp. USA).

" The radiation dose was 4-6 J/M’. The plates were incubated at 30°C for 2 days.

Several colonies growing on 30 mg/l rifampicin were selected and additionaily tested
on 50 mg/l rifampicin. One clone resistant to 50 mg/l rifampicin (named R1) was
chosen for §ubsequent work.

Construction of E. coli expression vectors for L131 galactolipase homologues.

The lipase gene of Streptomyces avermitilis was amplified by PCR using chromosomal
DNA as template and the two oligonucleotide primers 0SAL-5 (GGG
AATTCCATATGAGACGTTCCCGAATTACG) and oSAL-3 (GCATGGATCCGG
TGACCTGTGCGACGG). For amplification of lipase genes of Thermobifida fusca
and Corynebacterium efficiens the oligonucleotide pnmers used werc oTFL-5
(GGGAATTCCATATGGGCAGCGGACCACGTG) and oTFL-3
(GCATGGATCCGACACGCACGGCTCAACG), oCEL-5 (GGGAATTCC
ATATGAGGACAACGGTCATCG) and oCEL-3 (GCATGGATCCGGC
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ATCGGGCTCATCC), respectively. The PCR products were digested with Ndel and
BamHI and ligated with pET1la (Novagen, USA) vector digested with the same

_restriction endonucleases.

L131 galactolipase expression vector for S. lividans was constructed as follows.
Plasmid pUC18(L131RX) that contains the 137 kb EcoR1-Xbal fragment of . the
original cloned DNA fragment carrying L131 lipase gene (pBK(L131)) was digested
with EcoRI and ligated with EcoRI digested plJ487 (Kieser ef al., 2000). This
ligation leads to the formation of the two recombinant plasmids differing in relative
orientation of p1J487 and pUC18(L131RX). For subsequent work a variant where lac
promoter of the pUC18 is flanking the promoter-less neo® gene of plJ487 has been
selected based on restriction analysis. This construction was named pRX487-5 (Figure
11). Besides ampicillin resistance, this plasmid also confers E. coli the resistance to at
least 3 mg/l kanamycin. The protoplasts of S. lividans 1326 were transformed with
0.1-10 pg of pRX487-5 to thiostreptone (1.2 mg/l) and kanamycin (5 mg/l) resistance.
These transformants produced active galactolipase as judged by the DGDG-safranine
indicator plate assay. The transformants were plated on SM plates (Kieser et al., 2000)
supplemented with 5 mg/ml of kanamycin and allowed to sporulate. The resulting
spores were used for inoculating shake flask and fermentor cultures.

Construction of expression vectors for Corynebacterium glutamicum.

All expression vectors used in this work are based on the plasmid pCB5 which is a
shuitle vector carrying C. glutamicum replicon from plasmid pSR1 (¥ oshihama et al.,
1985) and ColE1 replicon from E. coli. The promoter that is used in this vector is
derived from the copl gene encoding the major secreted protein of C. gltamicum —
PS1. Enzymes were expressed from their native genes including unmodified signal
peptides, é.g. T. fusca (Figure 14). :
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FERMENTATION CONDITIONS

Fermentation of Jipase-producing Streptfomyces straiss.

In shake flasks, lipase-producing recombinant S. lividans strains were grown in a
medium containing (per litre) 10 g peptone, 5 g yeast extract, 2 g K;HPO and 10 g
glucose (pH 7.0) supplemented with appropriate antibiotics: thiostreptone was used at
1,2 mg/l, kanamycin at 20 mg/l, chloramphenicol at 1,5 mg/l and erythromycin at 1,5
mg/l. Spore suspensions produced by .gmwing the transformants on SM plates were
used to start the cultivations.

For fed-batch fermentations, Braun Biostat E fermentor (10 1) was used. The initial
medium (7 I), contained (per litre): peptone 20 g, yeast extract, 10 g, glucose 20 g and
appropriate antibiotics as described above (except for thiostreptone, which was not
used in 101 cultores). The cultivation was conducted at 30°C, constant 10 Ymin
acration and 600 rpm stirring rate. Inocula ( 2 x 250 ml per fermentation) were
grown in 2 1 Erlenmeyer flasks as described im the previous paragraph. The
fermentation was carried out in batch mode for 18-20 h afier which time, a solution
containing 30 % glucose and 12,5 % peptone was fed to the fermentor culture at a rate
of 0,5 ml/min. Samples (30 ml) of the culture were withdrawn aseptically twice a day.

Fermentation of recombinant C. glutamicum straius.

Shake-flask cultures of C. glutamicum were grown in LB containing 50 mg/l
kanamycin at 30°C and 200 rpm agitation rate.
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Fermentation of recombinant A. sabmonicida straips.

In shake flasks, the recombinant 4. salmonicida strains were cultivaied in 2xYT
medium supplemented with streptomycin and kanamycin (at 25mg/1). To induce fac
promoter, IPTG (1-5 mM) or lactose (1-10%) were added to the growth medium.

Two sets of conditions for production of recombinant acyl-transferase I A4
salmonicida were tested at fermentor scale. In the first experiment, the initial mediurm
(7 1) was 2xYT supplemcntéd with 2% glucose, 50 mg/l of kanamycin and 50 mg/l of
streptomycin and the feeding solution (3 I} contained 25% glucose, 10% tryptone and
5 %yeast extract, 100 mg/l of both kanamycin and streptomycin. Cultivation was
carried out at 10 Vmin aeration, 600 rpm stirring rate and 28°C. The pH was adjusted
to 7.5 by 25% NHj; and 10% phosphoric acid. The fermentor was inoculated with 0.5 1
of overnight culture of 4. salmonicida and grown in batch mode for 24 h. At this point
IPTG was added to 5 mM and the feeding was startédatarate of 50 mi/h.

In the second experiment, the initial medium was modified by substituting glucose
with lactose. Feeding solution was 2 1 of 20% lactose. The fermentation temperature
was increased to 30°C and the pH of the culture m.edium decreased to 7.0. Inoculation
was dope as in the first experiment and the feeding (100 ml/h) was started after 20 h of

cultivation in the initial medium
ENZYME ASSAYS

Safranine plate screening method.

In safranine plate screening the bottom layer contained culture medium + additive,
1.5% agarose and 0.002% safranine (0.2% stock solution in water, sterile filtered) and
the top layer 0.7% agarose, 1% DGDG and 0.002% safranine.
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Determination of galactolipase activity (glycolipase activity assay (GLU-7)):

Substrate:

0.6% digalactosyldiglyceride (Sigma D 4651), 0.4% Triton-X 100 (Sigma X-100)
and 5 mM CaCl2 was dissolved in 0.05M HEPES buffer pH 7.

Assay procedure: .

400 pL substrate was added to an 1.5 mL Eppendorf tube and placed in an Eppendorf

Thermomixer at 37°C for 5 minutes. At time t= 0 min, 50 pL enzyme solution was,
added. Also a blank with water instead of enzyme was analyzed. The sample was

mixed at 10x1090 rpm in an Eppendorf Thermomixer at 37°C for 10 minutes. At time

=10 min the Eppendorf tube was placed in another thermomixer at 99°C for 10
minutes to stop the reaction.

Free faify acid in the samples was analyzed by using the NEFA C kit from WAKO
GmbH.

Enzyme activity GLU at pH 7 was calculated as micromole fatty acid prodvced per

minute under assay conditions

Determination of phospholipase activity (phospholipase activity assay (PLU-7)):

Substrate

0.6% L-o. Phosphatidylcholine 95% Plant (Avanti #441601), 0.4% Triton-X 100
(Sigma X-100) and 5 mM CaCl, was dispersed in 0.05M HEPES buffer pH 7.

Assay p}ocedure:

400 pL substrate was added to an 1.5 mL Eppendorf tube and placed in an Eppendorf
Thermomixer at 37°C for 5 minutes. At time t= 0 min, 50 ul. enzyme solution was
added. Also a blank with water instead of enzyme was analyzed. The sample was
mixed at 10x100 rpm in an Eppendorf Thermomixer at 37°C for 10 minutes. At time
t=10 min the Eppendorf tube was placed in another thermomixer at 99°C for 10
minutes to stop the reaction.

Free faity acid in the samples was analyzed by using the NEFA C kit from WAKO
GmbH.
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Enzyme activity PLU-7 at pH 7 was calculated as micromole fatty acid produced per

minute under assay conditions.

Spectrophofometric assay with p-nitrophenyl palmitate (pNPP).

Lipase activity was measured with a spectrophotometric assay at 30°C with pNPP as
substrate, by using 50 mM Tris-Maleate buffer (pH 6.5) with 0,4 % Triton X-100 and
0,1 % gum Arabic. The substrate stock solution (100 mM) was prepared in dioxane.
The kinetic measarement was started by addition of enzyme to the reaction mixture.
To evaluate the initial hydrolytic activity, the increase in absorption at 410 nm was
followed with Spectramax plate reader every 20 s for 20 min. One unit of lipase
activity was defined as the amount of enzyme that liberated 1 pmol of p-pitrophenol
per min. The activity toward other p-NP esters was measured in the same manner, by
using 1 mM each substrate. (Abramic M. et al. (1999))

Determination of effects of pH and temperature on lipase activity.

For the determination of the effect of pH on enzymatic activity, it was measured over a
range of pH 2-10 by using the galactolipase activity assay except that the buffers used
in the experiment were as follows: pH 2-3.5 Glycine-HCI; pH 4-5 NaOAc; pH 5.5-7.5
Tris-Maleate; pH 7.5-9 Tris-HCI; pH 10 CAPS.

The effect of temperature on galactolipase stability was determined by incubating
aliquots of enzyme for 20 min at various temperatures (22°C-90°C) following
incubation on ice for 60 min. Residual activity was analysed by galactolipase activity

assay.

For detection of optimal temperature for galactolipase activity, the usual assay mixture
was equilibrated at the required temperature (the range 20°C-70°C) and 2 or 4 pl of
enzyme was added to start the reaction. The activity was analysed by galactolipase
activity assay, but using a shorter period of time (20 min).
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Example 11: Characterisation of galactolipase candidates from biodiversity study.

The sequence of Streptomyces thermosacchari 1131 galactolipase offers for the
5 possibility for in silico identification of new family II galactolipases.

Many other useful homologues of Strepromyces L131 galactolipase can be identified,
for example, “hypothetical protein” from Thermobifida fusca (ZP_00058717) and
“hypothetical protein™ from Corynebacterium efficiens (NP_738716).
10
We cloned and expressed 3 homologues of Streptomyces L131 galactolipase: the genes
of Streptomyces avermitilis (SAL), Thermobifida fusca (TFL), and Corynebacterium
efficiens (CEL). All genes were expressed in E. coli by using pET expression system.
The recombinant E. coli strains were first analysed using DGDG —indicator plates with
15 safranine and the enzymes of S. avermitilis, T. fusca and C. efficiens were found to
have galactolipase activity.

The enzymes showing galactolipase activity were further examined. Substrate
specificities of those galactolipase candidates were studied (Figuré 13). The activity of
20 candidate enzymes towards DGDQG, lecithin, olive oil, nitrophenmyl butyrate,
nitrophenyl decanoate (NP-D) and nitrophenyl palmitate was tested. The enzymes
were found to have very different substrate specificity profiles. Acyl-transferase
activity was tested in an assay using NP-D as substrate and quantifying both the
release of nitropheno! and free fatty acids by NEFA kit. Preliminary data suggests
25  that at least the enzyme from Thermobifida fusca has transferase activity towards

glycerol and glucose.

Thenno-stability of galactolipase candidates was tested. It was found that the
Corynebacterium efficiens enzyme was the most thermostable while the enzyme of
30  Streptomyces avermitilis was the most thermo-sensitive.
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Example 12: Streptomyces thermosacchari L131 degumining trial

A phospholipase from Streptomyces thermosacchari L131 was tested in crude soya
oil.

Materials and methods

K371: Streptomyces thermosacchari L131 enzyme expressed in S. lividans freeze
dried on starch. '

(Activity: 108 PLU-7/g).

Lecitase Ultra (#3108) from Novozymes, Denmark

Cholesterolester, Fluka 26950

Plant Sterol: Generol 122 N from Henkel, Germany

Crude soya oil from The Solae Company, Aarhus Denmark
Lecithin: L-a Phosphatidylcholine 95% Plant (Avanti #441601)

Phospholipase activity
The phospholipase assay was the same as that used in Example 10.
HPTLC

Applicator: Automatic TLC Sampler 4, CAMAG
HPTLC plate: 20 x 10 cm, Merck no. 1.05641. Activated 30 minutes at 160°C before

use.
Application: 1ul of a 8% solution of oil in buffer was applied to the HPTLC plate

using Automatic TLC applicator.
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Running buffer 4: Chloroform:Methanol:Water 75:25:4
Running buffer 5: P-ether : Methyl-tert-buty] ketone : Acetic acid 70:30:1

Application/Elution time:
Running baffer 4: 20 min
Running buffer 5: 10 min

TLC Development

The plate was dried in an oven for 10 minutes at 160°C, cooled, and dipped info 6%

_cupri acetate in 16% HsPOs. Dried additionally 10 minutes at 160°C and evaluated

directly.
Degumming experiment.

Streptomyces thermosacchari L131 (K371) was used for degumming studies in the

formulations shown in table 4.

The samples were placed at 40°C for 18 hours with agitation, after which time a
sample was collected for HPTLC analysis by dissolving the sample in Chloroform
:Methanol 2:1

Table 4. Degumming of crude soya oil with Strepfomyces thermosacchari L131

And Lecitase Ultra™
L ane 1 2 3 4 5 6
Crude soya oil l% 99 199 P8 P7 (99,7 P9
K371, 10% in water % 1 g
Lecitase Ulira™ #3108, 1% in
fwater % 0,3 (0,3
ater i% 1 0 0 0 0,7

The results from the HPTLC analysis are shown in Figure 16 and Figure 17.
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Figure 16 shows TLC plate (Buffer 4) of reaction products from enzyme treatment of
crude soya oil samples according to table 4. As referenced, phosphatidylcholine (PC)
was also analysed. Phosphatydylethanolamine (PE) and lysophosphatidylcholine
(LPC) are also indicated.

The TLC results in Fig‘m’é 16 clearly show that phosphatidylcholine was completely
removed by adding Streptomyces thermosacchari L131 to the oil. Only the lowest
dosage (lane 2) did not completely hydrolyse the phospholipids. Lecitase Ultra™ also
hydrolysed the phospholipids in the oil when 5% water was available (Lane 6) but
without adding extra water (Lane 5) only part of the phospholipids were hydrolysed.

Figure 17 shows TLC (Buffer 5) of reaction products from enzyme treatment of crude
soya oil samples according to table 4. As referenced, cholesterolester, monoglyceride,
diglyceride, triglyceride and plant sterol. Free fatty acid (FFA) is also indicated

The results shown in figure 17 indicate that the hydrolysis of phospholipids is
coincident with the formation of free fatty acid.

Conclusion.

The results confirm that Streptomyces thermosacchari L131 effectively hydrolyses
phospholipids in crude soya oil and is a suitable alternative enzyme for degumming of

plant oils.

_All publications mentioned in the above specification are herein incorporated by refereﬁce-
Various modifications and variations of the deséﬁqu methods and system of the present
invention will be apparent to those skilled in the art without departing from the scope and
spirit of the present invention. Although the present invention has been described in
connection with specific preferred embodiments, it should be understood that the

invention as claimed should not be unduly limited to such specific embodiments. Indeed,
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various modifications of the described modes for catrying out the invention which are
obvious fo those skilled in biochemistry and biotechnology or related fields are intended to

be within the scope of the following claims.
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BUDAPEST TREATY ON THE INTERNATIONAL
RECOGNITION OF THE DEPOSIT OF MICROORGANISMS
FOR THE PURPOSES OF PATENT PROCEDURE

INTERNATIONAL FORM
Danisco Intellectnal Assets RECEIPT IN THE CASE OF AN ORIGINAL DEPOSIT
Danisco A/S issued pursusnt to Rule 7.1 by the
INTERNATIONAL DEPOSITARY AUTHORITY
Langebrogade 1 jdentified at the bottom of this page
DK-1001 Copenhagen
Denmark
___NAME AND ADDRESS OF DEPOSITOR
1  DDENTIFICATION OF THE MICROORGANISM
Identifeation reference given by the Aceession number piven by the
DEPOSITOR: INTERNATIONAL DEPOSITARY AUTHORITY:
Streptomyces sp. NCIMB 41226

1130

b1 8 SCIENTI F1C DESCRIPTION AND/OR PROPOSED TAXONOMIC DESIGNATION

The microorganism 1dennﬁcd under § above was accompanied by:

a scientific description

X1a proposed taxonoanic designation
(Mark with a cross where appliceble)

oL RECEIPT AND ACCEPTANCE

This International Depositary Authority acccPts the microorganismn identified under I above, which was received by it on
23 June 2004 (date of the original deposit)

IV.  RECEIPT OF REQUEST FOR CONVERSION

The microorganism identified under 1 above was received by this Intemational Depositary Authority on
(date of the original deposit) and a request to convert the original deposit to a deposit under the Budapest Treaty was recefved
byiton

(date of receipt of request for conversion)

V.  INTERNATIONAL DEPOSITARY AUTHORITY

Name: NCIMB L., Signature(s} of person(s) baving the powers to represent the
International Depositary Authority or of authorised
official(s): A
Address: 23 St Machar Drive ﬁ""‘?‘w —
Aberdeen Datez 2B June 2004
AB24 3RY .
Scotkmd, UK.

! Where Rule 6/4(d) applies, such dafe is the date on which the status of International Depositary Authority was

acquired.
Form BP/4 (sole page)
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. BUDAPEST TREATY ON THE INTERNATIONRAL
RECOGNITION OF THE DEPOSIT OF MICROORGANISMS
FOR THE PURPOSES OF PATENT ?ROCEDURE

INTERNATIONAL FORM
Dani Assets issned mnamknlelnzbythc
. issned p
Danisco A/S INTERNATIONAL DEPOSITARY AUTHORITY
Langebrogade 1 identified on the following page
DK-1001 Copenhagen
Demmark

NAME AND ADDRESS OF THE PARTY
TO WHOM THE VIABILITY STATEMENT

1S ISSUED
L  DEPOSITOR I  IDENTIFICATION OF THE MICROORGANISM
Name: AS ABOVE Accession number given by the
INTERNATIONAL DEPOSITARY AUTHORITY:
Address: ’ NCIMB 41226 -
: Date of the deposit or of the transfer':
23 June 2004

Hl.  VIABILITY STATEMENT

The viability of the microorgznism identified under 1T above was tested on 25 Jupe 2004 . Onthat date, the said microorganism was:

3

sziablc

no Joaper viable

} Indicate the date of the original deposit or, where & new deposit or a transfer has been made, the most recent relevant
date (date of the new deposit or date of the tremsfer).

2 In the cases refesred to in Rule 10.2(a)(ii) and (iif), refer to the most recent viability test.

3 Mak with a cross the applicable box.

Form BP/9 (first page)
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IV. CONDITIONS UNDER WHICH THE VIABILITY TEST BAS BEEN PERFORMED*.

V. INTERNATIONAL DEPOSITARY AUTHORITY

Name: NCIMBLd, Signahwe(s) of person(§) having the power
. to represent the International Depositary
Address 23 St Machar Drive Anﬂmrit&of anthorised official(s):
Aberdeen .
AB24 3RY _ (IS NS ))c-»——cq ¥
Scotland Date: 28 June 2004

4 Fill in if the information has been sequested and if the resolts of the test were negative,

Form BP/ (second and Jast pape)




WO 2006/008653 PCT/1B2005/002602

109
BUDAPEST TREATY ON THE INTERNATIONAL
RECOGNITION OF THE PEPOSIT OF MICROORGANISMS
FOR THE PURPOSES OF PATENT PROCEDURE

INTERNATIONAL FORM

Danisco Intellectnal Assets
Danisco ASS RECEIPT IN THE CASE OF AN ORIGINAL DEPOSIT
issaed pursaant to Rule 7.1 by the
Langebrogade 1 INTERNATIONAL DEPOSITARY AUTHORITY
DK-1001 Copenhagen identified at the bottom of this page
Denmark
NAME AND ADDRESS OF DEPOSITOR
L IDENTIFICATION CF THE MICROORGANISM
Identification reference given by the Aceession number given by the
DEPOSITOR: INTERNATIONAL DEPOSITARY AUTHORITY:
Streptomyces sp. : NCIMB 41227

L131

IL.  SCIENTI FIC DESCRIPTION AND/OR PROPOSED TAXONOM]C DESIGNATION

The microorganism identified umder I above was accompanied by:

2 scientific description

x | aproposed taxonornic designation

(Mark with a cross where applicable)

. RECEIPT AND ACCEPTANCE

This International Depositary Authority acccrts the microorganism identified under 1 above, which was received by it on
23 June 2004 (date of the original deposit)

IV. _ RECEIPT OF REQUEST FOR CONVERSION

‘The microorganism identified under I above was received by this Internationat Depositary Authority on
(date of the origina) deposif) and a request to convert the original deposit to a deposit under the Budapest Treaty was received
byiton

(date of receipt of request for conversion)

V.  INTERNATIONAL DEPOSITARY AUTHORITY

Name: NCIMB Lid, Signature(s) of person(s) having the power to represent the
International Depositary Authority or of authorised

oﬁm’al%
Address: 73 St Machar Drive ference D"“JQ_
Aberdeen Date: 28 June 2004

AB24 3RY
Scotland, UK.

' Where Rule 6/4(d) applies, such date is the date on which the states of International Depositary Anthority was

acquired.
Form BP/4 (sole page)
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BUDAPEST TREATY ON THE INTERRATIONAL
RECOGNITION OF THE DEPOSIT OF MICROORGANISMS
FOR THE PURPOSES OF PATENT PROCEDURE
INTERNATIONAL FORM
Danisco Intellectual Assets
. VIABILITY STATEMENT :
Danisco A/S issued pursnant to Rule 10.2 by the
Langebrogade 1 INTERNATIONAL DEPOSITARY AUTHORITY
DK-1001 Copenhagen idenfified on the following page
Denmark

NAME AND ADDRESS OF THE PARTY
TO WHOM THE VIABILITY STATEMENT

~ IS ISSUED
L DEPOSITOR It IDENTIFICATION OF THE MICROORGANISM
Name: AS ABOVE Accession number given by the
INTERNATIONAL DEPOSITARY AUTBORITY:
Address: NCIMB 41227
Date of the deposit or of the transfer’:
23 June 2003

. VIABILITY STATEMENT

The viability of the ;nicmorga:ﬁsm identified under I above was tested on 25 June 2004 2. On that date, the said Iricroorganism was:

3

X viable

no longer viable

! Indicate the date of the original deposit or, where 2 new deposit or a transfer hes been made, the most recent relevant
date (date of the new deposit or date of the transfer).

2 In the cases referred to ip Rule 10.2(a)(ii) and (jif), refer to the most recent vizhility test.

s Mark with a cross the applicable box.

Forrn BP/ (first page)
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IV. CONDITIONS UNDER WHICH THE VIABILITY TEST HAS BEEN PERFORMED'

V. INTERNATIONAL DEPOSITARY AUTHORITY
Name:- NCIMB Lid, Signatare(s) of person(s) baving the power
to represent the International Depositary
Address: 23 St Machar Drive Authority or of authorised official(s):
Abeadeen - ;
AB243RY - 73%“-%“’1,
Scotland . Date: 28 June 2004

‘ Fiﬂb_ifthcinfonnaﬁmhasbesnmqnestedandiftherenﬂtsoftb:tstwmnegaﬁve.

Form BP/9 (sccond and Jast page)
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CLAIMS

1. A lipolytic enzyme capable of hydrolysing at least a galactélipid and/or capable of
transferring an acyl group from a galactolipid to one or more acyl acceptor
substrates, wherein the enzyme is obtainable from Steptomyces species.

2. A lipolytic enzyme capable of hydrolysing polar lipids and/or capable of
transferring an acyl group from a polar lipid to one or more acyl acceptor substrates,
wherein the enzyme is encoded by a nucleic acid selected from the group consisting
of:

a) anucleic acid comprising a nucleotide sequence shown in SEQ ID No. 3;

b) a nucleic acid which is related to the nucleotide sequence of SEQ ID No. 3 by the

degeneration of the genetic code; and ,
¢) a nucleic acid comprising a nucleotide sequence which has at least 70% jdentity

with the nucleotide sequence shown in SEQ ID No. 3.

3. A lipolytic enzyme according to claim 1 or claim 2 comprising an amino acid
sequence as shown in SEQ ID No. 4 or an amino acid sequence which has at least 60%

identity thereto.

4. A lipolytic enzyme obtainable from the Strepfomyces strains L130 or L131
deposited under accession numbers NCIMB 41226 and NCIMB 41227, respectively.

5. A lipolytic enzyme according to any one or more of claims 2-4 wherein the enzyme
is capable of hydrolysing at least a galactolipid and/or is-capable of transferring an

acyl group from a galactolipid to one or more acyl acceptor substrates.

6. A lipolytic enzyme according to claim 1 or claim 5 wherein the enzyme is capable

 of hydrolysing a further polar lipid.

7. A lipolytic enzyme according to claim 6 wherein the polar lipid is a phospbolipid.
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8. A lipolytic enzyme according to claim 1 or claim 5 wherein the lipolytic enzyme is
capable of transferring an acyl group from a polar lipid to one or more of the following
acyl acceptor substrates: a sterol, a stanol, a carbohydrate, a protein or subumits

thereof, or a glycerol.

9. A lipolytic enzyme according to any one of the preceding claims wherein the
enzyme is a wild-type enzyme.

10. A nucleic acid encoding 2 lipolytic enzyme comprising an amino acid sequence as
shown in SEQ ID No. 4 or an amino acid sequence which has at least 60% identity
therewith.

11. A nucleic acid encoding a lipolytic enzyme, which nucleic acid is selected from the

group consisting of:

a) anucleic acid comprising a nucleotide sequence shown in SEQ ID No. 3;

b) anucleic acid which is related to the nucleotide sequence of SEQ ID No. 3 by the
degeneration of the genetic code; and

¢) a nucleic acid comprising a nucleotide sequence which has at least 70% identity

with the nucleotide sequence shown in SEQ ID No. 3.

12. Use of a lipolytic enzyme according to any one of claims 1-9 in a process of
preparing a lyso-glycolipid, for example digalactosyl monoglyceride (DGMG) or
monogalactosyl monoglyceridle (MGMG) by treatment of a glycolipid (e.g.
digalactosyl diglyceride (DGDG) or monogalactosyl diglyceride (MGDG)) with the
lipolytic enzyme according to the present invention to produce the partial hydrolysis
product, i.e. the lyso-glycolipid.

13. Use of a lipolytic enzyme according to any one of claims 1-9 in a process of
preparing a nlyso-phospho]ipid, for example lysolecithin, by treatment of a
phospholipid (e.g. lecithin) with the enzyme according to the present invention to
produce a partial hydrolysis product, i.e. a lyso-phospholipid.
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14. Use of a lipolytic enzyme according to any one of claims 1-9 in a process of
enzymatic degumming of vegetable or edible oil, comprising treating said edible or
vegetable oil with said lipolytic enzyme so as to hydrolyse a major part of the polar
lipids.

15. Use of a lipolytic enzyme according to any one of claims 1-9 in a process of
comprising treatment of a phospholipid so as to hydrolyse fatty acyl groups.

16. Use of a lipolytic enzyme according to any one of claims 1-9 in a process of
bioconversion of polar lipids to make high value products, wherein said lipolytic is
capable of hydrolysing said polar lipids.

17.  Use according to claim 16 wherein said high value products are one or more of
the following: a carbohydrate ester, a protein ester, a protein subunit ester and a
hydioxy acid ester.

18. A method of preparing a foodstuff the method comprising admixing the lipolytic
enzyme according to any one of claims 1-9 to one or more ingredients of the foodstuff.

19. A method according to claim 14 wherein the foodstuff is selected from one or
more of the following: eggs, egg-based products, including but mot limited to
mayonnaise, salad dressings, sauces, ice creams, egg powder, modified egg yolk and
products made therefrom; baked goods, including breads, cakes, sweet dough
products, laminated doughs, liquid batters, muffins, doughnuts, biscuits, crackers and
cookies; confectionery, including chocolate, candies, caramels, halawa, gums,
including sngar free and sugar sweetened gums, bubble gum, soft bubble gum,
chewing gum and puddings; frozen products including sorbets, preferably frozen dairy
products, including ice cream and ice milk; dairy products, including cheese, butter,
milk, coffee cream, whipped cream, custard cream, milk drinks and yoghurts;
mousses, whipped vegetable creams, meat products, including processed meat
products; edible oils and fats, acrated and non-acrated whipped products, oil-in-water
emulsions, water-in-oil emulsions, margarine, shortening and spreads including low fat
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and very low fat spreads; dressings, mayonnaise, dips, cream based sapces, cream

based soups, beverages, spice emulsions and sauces.
20. A method according to claim 19 wherein said foodstuff is a dairy product.

21. A method according to claim 19 wherein said foodstnff is an egg or egg-based
product.

22. A method according to claim 19 wherein said foodstuff is a dairy product.

23. A method of preparing a lysoglycolipid comprising treating a substrate comprising
a glycolipid with at least one lipolytic enzyme to produce said lysoglycolipid, wherein
said lipolytic enzyme has glycolipase actmty and wherein said lipolytic enzyme is
obtamable from one of the following genera: Strepfomyces, Corynebacterium and
Thermobifida.

24. A method of preparing a lysophospholipid comprising treating a substrate
comprising a phospholipid with at least one lipolytic enzyme to produce said
lysophospholipid, wherein said lipolytic enzyme has phospholipase activity and
wherein said lipolytic enzyme is obtainable from one of the following genera:
Streptomyces, Corynebacterium and Thermobifida.

25. A method of enzymatic degumoming of vegetable or edible oil, comprising

. treating said edible or vegetable oil with a lipolytic enzyme obtainable from one of the

following genera: Streptomyces, Corynebacterium and Thermobifida capable of
hydrolysing a major part of the polar lipids.

26. A method of bioconversion of polar lipids to make high value products comprising
treaating said polar lipids with a lipolytic enzyme obtainable from ope of the following
genera: Streptomyces, Corynebacterium and Thermobifida to produce said high value
products, wherein said lipolytic enzyme is capable of hydrolysing said polar lipids.



WO 2006/008653 PCT/IB2005/002602

10

15

20

30

116

27. A method according to claim 26 wherein said bigh value products are one or more
of the following: a carbohydrate ester, a protein ester, a protein subunit ester and a
hydroxy acid ester. .

28. A method of preparing a foodstff comprising admixing at least one lipolytic
enzyme with one or more ingredients of a foodstuff wherein said lipolytic enzyme is
capable of hydrolysing a glycolipid and/or a phospholipid present in or as at least one
of said ingredients and wherein said lipolytic enzyme is obtainable from one of ihe
following genera: Streptomyces, Corynebacterium and Thermobifida.

29. A method according to any one of claims 23 to 28 wherein said lipolytic enzyme is
capable of transferring an acyl group from a glycolipid to one or more acyl acceptor
substrates. :

30. A method according to any one of claims 23 to 28 wherein said lipolytic enzyme
comprises an amino acid sequence shown as SEQ.ID.Nos 5,7, 8,12, 14 or 16 or an
amino acid sequence having at least 70% identity therewith or comprises a nucleotide
sequence shown as SEQ ID No. 6, 9, 13, 15 or 17 or a pucleotide sequence which has

~ at least 70% identity therewith.

31. A method according to claim 30 wherein said lipolytic enzyme comprises an
amino acid sequence shown as SEQ. ID. No.s 5, 7, or 16 or an amino acid sequence

baving at least 70% identity therewith.

32. A method according fo claims 30 wherein said lipolytic enzyme comprises an

amino acid sequence shown as SEQ. ID. No. 8 or an amino acid sequence having at

least 70% identity therewith.

33. A method according to claims 30 wherein said lipolytic enzyme comprises an
amino acid sequence shown as SEQ. ID. No.s 12 or 14 or an amino acid sequence

having at least 80% identity therewith.
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34. A method according to claim 28 wherein said foodstuff is selected from one or
more of the following: eggs, egg-based products, including but not Iimited to
mayonnaise, salad dressings, sauces, ice creams, egg powder, modified egg yolk and
products made therefrom; baked goods, including breads, cakes, sweet dough
products, laminated doughs, liquid batters, muffios, doughnuts, biscuits, crackers and
cookies; confectionery, including chocolate, candies, caramels, balawa, gums,
including sugar free and sugar sweetened -g’ums, bubble gum, soft bubble gum,
chewing gum and puddings; frozen products including sorbets, preferably frozen dairy
products, including ice cream and ice milk; dairy products, including cheese, butter,
inilk, coffee cream, whipped cream, custard cream, milk drinks and yoghurts;
mousses, whipped vegetable creams, meat products, including processed meat
products; edible oils and fats, aerated and non-aerated whipped products, oil-in-water |
emulsions, water-in-oil emulsions, margarine, shortening and spreads inchiding low fat
and very low fat spreads; dressings, mayonnaise, dips, cream based sauces, cream

based soups, beverages, spice emulsions and sauces.

35. A method according to claim 34 wherein said foodstuff is a baked product and at

least one of said ingredients is a dough.

36. A method according to claim 34 wherein said foodstuff is an egg or egg-based
product .

37. A method according to claim 34 wherein said foodstuff is a dairy product.

38. Use of a lipolytic enzyme in a substrate for preparing a lysoglycolipid wherein said
lipolytic enzyme has glycolipase activity and wherein said lipolytic enzyme is
obtainable from one of the following: Streptomyces, Corynebacterium and
Thermobifida.

39. Use of a lipolytic enzyme in a substrate for preparing a a lysophospholipid wherein
said lipolytic enzyme has phospholipase activity and wherein said lipolytic enzyme is
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obtainable from one of the following: Streptomyces, Corynmebacterium and
Thermobifida. '

40. Use of a lipolytic enzyme obtainable from one of the following genera:
Streptomyces, Corynebacterium and Thermobifida for enzymatic degumming of
vegetable or edible oil so as to lydrolyse a major part of the polar lipids.

41.-Use of a lipolytic enzyme obtainable from one of the following genera:
Streptomyces, Corynebacterium and Thermobifida in a process comprising treatment
of a phospholipid so as to hydolyse fatty acyl groups.

42_Use of a lipolytic enzyme in the bioconversion of polar lipids to make high value
products, wherein said lipolytic enzyme is capable of hydrolysing said polar lipids and
wherein said lipolytic enzymes is obtainable from one of the following genera:
Streptontyces, Corynebacterium and Thermobifida.

43. Use according to claim 42 wherein said high value products are one or more of the
following: a carbohydrate ester, a protein ester, a protein subunit ester and a hydroxy

acid ester.

44. Use of a lipolytic enzyme obtainable from one of the following genera:
Streptomyces, Corynebacterium and Thermobifida in the preparation of a foodstuff,
wherein said lipolytic enzyme is capable of hydrolysing a glycolipid and/or a
phospholipid.

45. Use according to claim 38 to 44 wherein said lipolytic enzyme is capable of
transferring an acyl group from a glycolipid to one or more acyl acceptor substrates.

46. Use according to any one of claims 38 to 44 wherein said lipolytic enzyme
comprises an amino acid sequence as shown in any one of SEQ.ID.No.s 5,7, 8, 12,
14 or 16 or an amino acid sequence having at least 70% identity therewith or
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comprises a nucleotide sequence shown as SEQ ID No. 6, 9, 13, 15 0or 17 or a
nulceotide seqeunce which has at least 70% identity therewith.

47. Use according to claim 46 wherein said lipolytic enzyme comprises an amino acid
sequence as shown in any one of SEQ. ID. No.s 3,7, or 16 or an amino acid sequence

having at least 70% identity therewith.

48. Use according to claims 46 wherein said lipolytic enzyme comprises an amino acid
sequence shown as SEQ. ID. No. 8 or an amino acid sequence having at Jeast 70%
identity therewith.

49. Use according to claims 46 wherein said lipolytic enzyme comprises an amino acid
sequence shown as SEQ. ID. No.s 12 or 14 or an amino acid sequence having at Jeast

80% identity therewith.

50. Use according to any one of claim 38 wherein said lysoglycolipid is DGMG or
MGMG. :

51. Use according to claim 44 wherein said foodstuff is a dairy product

52. Use according to claim 51 wherein said foodstuff is an egg or an egg-based
product and wherein said lipolytic enzyme is capable of transferring an acyl group to
one or more acyl acceptor substrates to reduce the one or more of the following
detrimental effects: off-odours and/or off-flavours and/or soapy tastes.

53. Use according to claim 51 wherein said foodstuff is a baked product

54, Use according to claim 38 wherein said substrate is an edible oil.

55. A lipolytic enzyme as hereinbefore described with reference to the accompanying
description and figures.
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56. A method as hereinbefore described with reference to the accompanying
description and the figures.

57. A use as hereinbefore described - with reference to the accompanying description
5 and figures.
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FIGURE 1

SEQID No. 1:

GACGCTGAGGAGCGAAAGCGTGGGGAGCGAACAGGAT TAGATACCCTGGTAGTCCACGCCGTAAA
CGGBTGGGCACTAGGTGTGGGCAACATICCACGTTGTCCGTGCCGCAGCTAACGCATTAAGTGCCCC
GCCTGGGGAGTACGGCCGCAAGGCTAAAACTCAAAGGAATTGACGGGGGCCCEBCACAAGCGGCG
GAGCATGTGGCTTAATTCGACGCAACGCGAAGAACCTTACCAAGGCTTGACATACACCGGAAACGG
CCAGAGATGGTCGCCCCCTTGTGGTCGGTBTACAGGTGGTCCATGCLTGTCGTCAGCTCGTGTCG
TGAGATGTTCGGGTTAAGTCCCGCAACGAGCGCAACCTTATCCTGTGITGCCAGCGGATCCCTICG
GEGGTGCCBGGEGACTCACGEGAGACTGCCGGGGTCAACTCGGA

FIGURE 2

SEQIDNO. 2:

GACGCTGAGGAGCGAAAGCGTGGGGAGCGAACAGGATTAGATACCCTGGTAGTCCACGCCGTAAA
CGGTGBGCACTAGGTGTGEGCAACATTCCACGTTGTCCBTGCCGCAGCTAACGCATTAAGTGCCCE
GCCTGGGEAGTACGGCCGCAAGGCTAAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCGGLG
GAGCATGTGGCTIAATTCGACGCAACGCGAAGAACCTTACCAAGGCTTGACATACACCGGAAACGE
CCAGAGATGGTCGCCCCCTTGTGGTCGGTGTACAGGTGGTGCATGGCTGTCGTCAGCTCGTETCE
TGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTATCCTGTGTTGCCAGCGGATCCCTTCG
GGGGTECCGEGGACTCACGGEAGACTGCCGEGGTCAACTCEGA '
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FIGURE 3

SEQID NO. 3:

ACAGGCCGATGCACGGAACCETACCTITCCBCAGTGAAGCGCTCTCCCCCCATCGTTCGE
CGGGACTTCATCCGCGATTTTGGCATGAACACTTCCTTCAACGCGCGTAGCTTGCTACAA
GTGCGGCAGCAGACCCGCTCETTGGAGGCTCAGTGAGATTGACCCGATCCCTGTCBECCE
CATCCGTCATCGTCTTCGCCCTGCTECTCGCGCTGCTGGGCATCAGCCCGBCCCAGGCAG
CCGBCCCEGCCTATETGECCCTGGGGEATTCCTATICCTCGEGCAACGGCGCCGGAAGTT
ACATCGATTCGAGCGETGACTGTCACCECAGCAAGAACGCGTACCCCGCCEGCTGRECEE
CGGCCAACGCACCGTCCTCCTTCACCTICGCGGCCTGCTCGBEAGCGGTEACCACGEATG
TEATCAACAATCAGCTGGGCGCCCTCAACGCGTCCACCGECCTGETGAGCATCACCATCG
GCGGCAATGACGCGEGCTTCGCGGACGCGATGACCACCTGCGTCACCAGCTCGGACAGCA
CCTGCCTCAACCGGCTGGCCACCGCCACCAACTACATCAAGACCACCCTGCTCGCCCGEE
TCGACGCGGTCTACAGCCAGATCAABGCCCGTGCCCCCAACGCCCGCGTEETCGTCCTCE
GCTACCCGCGCATGTACCTGECCTCGAACCCCTBETACTECCTGGGCCTGAGCAACACCA
AGCECGCGGCCATCAACACCACCGCCEACACCCTCAACTCEETGATCTCCTCCCGGBCCA -
CCGCCCACGGATTCCGATTCGGCGATGTCCGCCCGACCTTCAACAACCACGAACTGTTCT
TCGGCAACGACTGGCTGCACTCACTCACCCTGCCGGTGTGGGAGTCGTACCACCCCACEA .
GCACGGGCCATCAGAGCGGCTATCTGCCEGTCCTCAACGCCAACAGCTCGACCTGATCAA
CGCACGGCCGTGCCCGCCCCGCGEGTCACGETCBECECEEECECCECAGCCOGTTGATCA
GCCCACAGTGCCGETGACGGTCCCACCGTCACGGTCGAGGETGTACGTCACGGTGECEEE
GCTCCAGAAGTGGAACGTCAGCAGGACCGTGGAGCCGTCCCTGACCTCGTCGAAGAACTC
CGGBGTCAGCGTGATCACCCCTCCCCCGTAGCCGGEGGCGAAGGCGGCGCCGAACTCCTT
GTAGGACGTCCAGTCGTGCGGCCCGGCGTTGCCACCGTCCGLETAGACCECTTCCATGET
CGCCAGCCGGTCCCCECGEAACTCGETGREGATGTCCGTGCCCAAGGTGGTCCCGGETGET
GTCCGAGAGCACCGGGGGCTCGTACCGGATGATGTGCAGATCCAAAGAATT

FIGURE 4

SEQIDNO. 4:

MRLTRSLSAASVIVFALLLALLGISPAQAAGPAYVALGDSYSSGNGAGSYIDSSGDCHRSN

NAYPARWAAANAPSSFTFAACSGAVTTDVINNQLGALNAS TGLVSITIGGNDAGFADAMTY
CVTSSDSTCLNRLATATNYINTTLLARLDAVYSQIKARAPNARVVVLGYPRMYLASNPWYC
LGLSNTKRAAINTTADTLNSVISSRATAHGFRFGDVRPTFNNHELFFGNDWLHSLTLPVWE
SYHPTSTGHQSGYLPVLNANSST

PCT/1B2005/002602
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FIGURE 5
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FIGURE 6

Dough slurry treated with Streptomyces sp. L 130.
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FIGURE 7

Dough slurry treated with Streptomyces sp. L. 131.
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FIGURE 8

Triglyceride in fipids from dough slurry tests.
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FIGURE 10
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Figure 11

Kprd (10238)
BamHI (10225§.
P Q0211
Hind 0185 PLAC)

AR
-

e s & ’ -
Pai(os0) L APr

Clal (8121) _

D e
Ndel (7891) \

pRX48T-5 ' __Ndel 421)
10245 bp . Hindll (2636)

Xhol (ST25) W teminator
Kpnl (5285) " Pstl (4932)



s

WO 2006/008653 , ' PCT/1B2005/002602

10/14
FIGURE 12
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FIGURE 14
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FIGURE 15
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PROTEIN

FIELD OF INVENTION

The present invention relates to a nove} lipolytic enzyme, in particular a novel lipolytic
enzyme, and nucleotide sequences encoding same. The present invention also relates
to methods of production of the novel lipolytic enzyme and to uses thereof The
present invention also relates to methods and uses of a lipolytic enzyme.

TECHNICAL BACKGROUND .

The beneficial use of lipolytic enzymes active on glycolipids in bread making was
taught in EP 1 193 314. It was taught that the partial hydrolysis products the lyso-
glycolipids were found to have very high emulsifier functionality. However, the
enzymes taught in EP 1 193 314 were also found to bave significant non-selective
activity on triglycerides which resulted in unnecessarily high free fatty acid.

A lipolytic enzyme from Fusarium oxysporum having phospholipase activity has been
taught in EP 0 869 167. This lipolytic enzyme has high triacylglyceride hydrolysing
(lipase) activity. This enzyme is now sold by Novozymes A/S (Denmark) as Lipopan
™,

WO002/00852 discloses five lipase enzymes and their encoding polynucleotides,
isolated from Fusarium venenatum, F. sulphureum, Aspergillus berkeleyanum, F.
culmorum and F. solani. All five enzymes are described as having triacylglycerol
hydrolysing activity, phospholipase and galactolipase activity.

Lipolytic enzyme variants, with specific amino acid substitutions and fusions, have
been produced; some of which have an enhanced activity on the polar lipids compared
to the wildtype parent enzymes. WO01/39602 describes such a variant, referred to as
SP979, which is a fusion of the Thermomyces lanuginosus lipase, and the Fusarium
oxysporum lipase described in EP 0 869 167. This variant has been found to have a
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